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‘John Barleycorn’s the choicest grain 
That e’er was sown on land’. 

From an old Folk-song 
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it. But it was not until four years later, following Kiirnicko’s 
publication of Die Saatgerste, that my interest w’as ai’ouscd 
in the evolution, classification and possible imjirovoment of 
the existent races of barley. He kindly sent me a collection 
of ears of each of the races Avhieh he had described and the 
plants grown up from them formed part of the collc'ction 
which I then began and have since maintained. This 
collection was considerably added to a fcAv years later, when 
I received 300 ears, all different and botanically named, 
from Mr. Karl Hansen of Lyngby, Denmark. 

In 1892 I was fortunate enough to meet John May Herbert 
Munro, and it was largely due to his initiative and stimulntiou 
that I started my experimental work on barley. He was 
one of a trio who for many years maintained the College of 
Agriculture at Downton, an offshoot of Cirencester. His 
colleagues were Wrightson and Fream. They had just com- 
pleted a prolonged investigation on basic slag, which before 
that time had been a waste product and which, in consequence 
of their researches, has become a valuable fertilizer. Munro 
was also at that time in collaboration with Waringt.on (then at 
Rothamsted), one of the pioneers in the study of the nitrifying 
organisms of the soil, which has added so greatly to our 
knowledge of the modes of plant nutrition. 

In 1895 Munro and I made plans for investigating the 
manurial and other conditions affecting the malting quality 
of barley, and in the same year Sir J. H. Gilbert very kindly 
placed at our disposal all the Rothamsted barley records 
(many of them at the time unpublished) and gave us access 
to, and portions of, many of the hundreds of samples of 
barley preserved at Rothamsted from the crops of the previous 
fifty years. Our investigations of these samples led to the 
publication in the Journal of the Royal Agricultural Society 
of England of ‘Manurial conditions affecting the malting 
quality of English barley’ and ‘Various conditions affecting 
the malting quality of barley’. 

In 1900 I met Horace Tabberer Brown, whose writings, 
and in particular his classical work on barley, are well known. 
To him I owe much, for he was always ready to give helpful 
suggestions and criticisms, which were most valuable. The 
following year he brought Marshall Ward to Warminster to 
inspect my coUection of barleys and Ward drew my attention 
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to the re-discovery of Mendel’s law on the hereditary trans- 
mission of definite characters in plants. Biffen had already 
started on this work at Cambridge with wheat, and from that 
time on I paid frequent visits to Cambridge and conferred 
Avith him and T. B. Wood on the problems involved. I 
received constant inestimable help and advice from them, 
and from many others at Cambridge, and I then began what 
now amounts to a long series of cross-fertilizations of barley. 

I could not have carried on this work (especially in latter 
years) without the aid of my old friend, Gosset (‘Student’), 
whose untimely death in 1937 was regretted by so many. 
He kept me right with biometrical methods, which, as time 
went on, became indispensable for the interpretation of the 
mass of numerical data accumulated, and his co-operation in 
this respect alone has been of the greatest value. 

It is quite impossible to enumerate all the kind friends who 
have assisted me in this adventure, but I should like to mention 
my eldest daughter, who, in earlier years, was of great assist- 
ance in translating the works of Kornicke and other foreign 
writers. My very grateful thanks are due to my two assistants, 
Harry Sims, my chief laboratory helper for forty-nine years, 
trained for me by Munro; and Harold Wickham, who for 
thirty-nine years past has, with his own hand, planted and 
harvested the collections, and who, since 1914, has supervised 
the conduct of all the experiments and compiled the records 
at the end of every season. Without the faithful and pains- 
taking assistance of these two helpers I could not have 
persisted with these experiments. 


Agricultural research is a task for practical rather than for 
(strictly speaking) scientific men. What is really important 
is that the search for new knowledge and its practical applica- 
tion to the industry, or purpose, to which that knowledge is 
allied, should progress, should be welcomed, and should 
receive its due reward. 

Edward Lisle in the Preface to his Observations in 
Husbandry^ published in 1757, wrote: 

‘It may be looked upon, in my opinion, as one of the chief 
misfortunes of this age, that we have not such reasonable 
conceptions of a country life as might engage our gentlemen 



The material of this book has been edited and put 
together by Miss N. Stallwood at the request of the 
author’s family and representatives. 



FOREWORD 


The inliibitions, interruptions and anxieties of the Second 
W orld War have rendered it necessary to postpone the pub- 
lication of this illuniinating posthumous record, by one of 
Britain’s ablest and most successful agricultural researchers, 
his scientific investigations and their remarkable results. 

I am glad, at the request of Dr. Beaven’s family, to furnish 
this brief Foreword to his book, partly because, throughout 
a busy public life, the application of science to the art of 
husbandry lias been my dominant interest, partly because I 
valued the author’s friendship and greatl}^ admired his quite 
exceptional contribution to rural economic welfare and 
national wcaltli, and partly because, being by heredity and 
occupation a Country Squire — and proud of the fact — I 
always appreciated the sympathetic esteem in which he held 
that mucli-maligned section of the body politic which in- 
cluded in its ranks such outstanding rural reformers as Jethro 
Tull, ‘Coke of Norfolk’, ‘Turnip Townshend’ and Sir John 
Bennot Lawes. 

In his Preface, Beaven accurately describes his unique 
achievement in cereal research as an ‘adventure’, aimed at 
providing British farmers (he might truly have said ‘farmers 
throughout the world’) with a barley which would yield a 
fair return for their labour by giving more quarters to the 
acre and a higher market value per quarter. 

No cereal crop has, thanks to the author, shown more 
marked improvement in quality and uniformity during the 
last half-century than has barley, and the availability of 
better types has meant more nutritious food for our farm 
live-stock and greatly improved alcoholic beverages — ^beer, 
stout and whisky — ^for our human population. In this 
connection it is worth recalling that the late Professor Henry 
Armstrong, F.E.S., the eminent chemist, when decrying the 
mechanical extraction of the most valuable parts of the 
wheat grain in deference to the public craze for perfectly 
white bread, always emphasized the high food value of 

xiii 



xiv Barley: Fifty Years of Observation and Krpmwcnf 

malted beverages derived from barley as being ‘tlie most 
easily circulated and most readily oxidized of all food 
materials 

Beaven was as versatile as he was aide and industrious. 
At heart a keen sportsman and lover of the English emintry- 
side, professionally a maltster, intelleetually a searcher after 
exact knowledge, and spiritually an idealist, lu^ eondiuled 
in his Nursery at Warminster, in Wiltslhrt*, iin'cstigations 
and experiments Avhich have revolutionized the (adtiA^ation 
throughout the world of its oldest c\iltivated cereal, llis 
ambitious objective was its fourfold improvement: in (|uality, 
in uniformity, in stability.(or strength of straw) and in climatic 
adaptation. All four he succeeded in securing, by breeding 
and selection, to an unprecedented and unparalleled degree. 
In addition (and this was his greatest pride) he elaborated 
methods of testing barleys accurately for l)oth }>roduetivity 
and quality. He rightly stresses in his book the fa(*t, and 
there% exemplifies his own persistent industry, that modifica- 
tion, by breeding and selection, of the character of seed is 
more difficult and a much slower process tlian that of the 
flower, the leaf, the stem, or the root, such as constitutes the 
marketable value of most cultivated plants. 

As his Preface indicates, some 85 per cent, of the acreage 
of barley now grown in Great Britain is the progeny of four 
plants only, three of which were selected in his Warminster 
Nursery in the first four years of the present century. During 
the past twenty-five years the crops of barley on well over 
five million acres of land have been the lineal descendants of 
the small cultures raised from single plants in this historic 
nursery, now, failing a male family successor of its founder, 
fortunately taken over and carried on by Messrs. Guinness of 
brewing fame. 

These varieties, or ‘races’ as Dr. Beaven preferred to call 
them,' have almost entirely displaced the numerous kinds, 
mostly mixtures belonging to many botanical races, which 
were generally grown in Great Britain and elsewhere forty 
years ago. 

Not only was Beaven unique in improving, by his cultures 
and research, the barley crops of the world, and enhancing 
thereby the nutriment available to man and beast, but he 
was unique among modern research workers in carrying on 



Foreword 


XV 


this beneflccut and patriotic work entirely at his own expense, 
without any extraneous financial help. For the last 60 years 
most cereal crops in this country have yielded but little com- 
mercial profit to the farming community, and this would apply 
especially to feeding barley. But thanks to Beaven the 
steady improvement in the quality of malting barleys and 
the corresponding demands for them at good prices by the 
brewers and maltsters have made barley on suitable soils 
(and it needs a good tilth) and in capable hands a remunerative 
crop, even in relatively bad times. The author of this 
treatise exemplifies in a marked degree the fact, which we 
arc so apt to forget, that some of our own native plants can, 
by breeding and selection, be made every bit as good as 
similar products which we have been in the habit of importing 
from other countries. Uniformity, he stresses, is a character- 
istic of at least as high a market value as outstanding quality. 
There was a time, not far distant, when in this country in a 
single field there were to be found a great variety of different 
plants passing under the same name in the market but of vary- 
ing type and value. Thanks to the activities of Dr. Beaven 
in regard to barley, and to Sir Rowland Biffen, Professor John 
Percival, and others in regard to wheat, we can now be 
confident, as farmers, that we have crops of uniform quality 
and variety in each field sown with these cereals and can 
claim to receive in consequence a higher price for them when 
they come to be marketed. 

When tlic scientific history of British Agriculture is written 
hereafter for the benefit of posterity, the name of Dr. E. S. 
Beaven will, assuredly, be linked with those of Sir John 
Bennet Lawes of Rothamsted and his partner Sir Joseph 
Henry Gilbert, as a great practical scientist who enriched 
exceedingly Britain’s most vital industry and earned the 
undying gratitude of her whole rural community. 

One grateful acknowledgement should be included and 
one deep regret expressed in this Foreword. The former is 
to Miss N. Stallwood, without whose assiduous and capable 
assistance this valuable record of Beaven’s life’s work might 
never have been compiled and published. The latter is to 
lament the loss of his gallant grandson, Lieutenant Thomas 
Beaven Wood, only son of thedate Professor T. B. Wood, the 
distinguished and popular head of the School of Agriculture 



xvi Barley: Fifty Years of Observation and Experiment 

at Cambridge University, whose never-railing ciicouragenicnt 
and assistance Dr. Beaveu always deeply appreciated. 
Beaven Wood, who had graduated at Cambridge' in both 
science and agriculture in 1939, was killed ligliting in 
Normandy in the summer of 1944. Had lie lived, he would 
doubtless have endeavoured to assist in earryiug on tJie 
culture and research work at Warminster, as his distinguislied 
grandfather always hoped ^.that he would do. 

^ Ars longa, vita brevis' 


Lydney, 

Gloucestershire. 
A'pril 1945. 
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OB SERVATION 




CHAPTER I 


INTRODUCTORY 

It is surprising that up to the present time so little economic 
result has accrued from the efforts of cereal breeders as 
compared with those of vegetable, fruit and flower growers, 
or of animal breeders. 

We depend on plants for our existence and shall do so 
ultimately in an increased measure. It therefore behoves us 
to utilize our energies and resources^ to the application of 
systematic methods to economic objects in the breeding and 
selection of the cereals. 

Forty years ago we had great hopes that the work of Mendel 
would revolutionize our previous practice with regard to 
plant breeding, and perhaps animal breeding also. These 
hopes have not been fulfilled to any great extent. We do 
not now doubt that many, if not all, of the characters of 
organisms segregate. That was a generalization of the 
utmost scientific value which gave a great stimulus to ex- 
perimental work. But the weak spot in its application is the 
fact that we have in our cultivated plants such a large number 
of characters to deal with. As to the number of characters 
in barley, the longer I go on studying this plant the greater 
I find the number which appear to segregate. 

Vavilov ^ (1922), the indefatigable and very patient Russian 
observer, enumerated in a paper in the Journal of Genetics 
fifty variable characters in wheat [which he increased to 
sixty-six in a later work (1923)], and indicated that there. are 
the same number, or more, in barley. He did not deal with 
the root system at all, and many of the characters which he 
enumerates vary in more than two ways and cannot be 
classified into pairs, so that to explain them by the doctrine 
of ‘presence or absence’ of factors becomes very complex. 
If he had enumerated every varying microscopic structure 

^ President of the Lenin Academy of Agricultural Sciences and Director 
of the Institute of Plant Industry, Leningrad, and of the Institute of Genetics 
of the Academy of Sciences of the U.S.S.R. 

Note. — ^Figures in parentheses refer to Bibliography, 
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and had by some ingenious arrangcinent sorted them into 
pairs, he might easily have found 100 or more ]>airs of 
characters in barley, and if he had studied barley histologieally 
he might have found 1,000 pairs. In a later piipcr lie illus- 
trated eighteen different forms of the arrangenuait of the 
'denticles’ on the awns of barley, and it is likt'ly c‘iu>ugh 
that similar diversity applies to other structures also. If 
we reckon up the total number of possible combinations of 
characters, taking one out of each of only a hundred pairs, 
we get a number which is more than one million tinu\s as 
many barley plants as there are on the face of the inhabited 
globe. As far as we know there is no reason wliy any of the 
possible forms should not exist, although it is ol)viously 
impossible that they all do. This perhaps helps us to scv. 
why we have not been able for practical and ('conoinie 
purposes to adhere strictly to Mendclian lines, although it 
must be freely admitted that the extension of Menders work 
has led to more complete understanding of the princi]^lc‘s of 
heredity in cultivated plants : to much more ready c^om- 
bination of characters : and to more systematic nu^thods of 
selecting individuals resulting from cross-fertilization from 
which to raise races with fixed characters. 

The problem to be solved by the plant breeder is akin to 
that which besets the breeder of animals. Single plant 
cultures have to be made year after year and selections made 
from such cultures for the characters required. 

In the Preface to the first volume of The Golden Bough., 
Sir J. G. Frazer (191S), referring to the evolution of sonic 
human characteristics, writes: 'No one can be more sensible 
than I am of the risk of stretching a hypothesis too far, of 
crowding a multitude of incongruous particulars under one 
narrow formula, of reducing the vast, nay, inconceivable 
complexity of nature and history to a delusive appearance of 
theoretical simplicity’. 

These words seem to me to be equally applicable to the 
fundamental aspects of heredity. 

But if we are to postulate an almost unlimited number of 
characters in our cereal plants, and if we admit that any of 
them may, and many of them certainly must, have some 
influence on productivity and also on the quality of the seed, 
and if we at the same time accept particular inheritance and 
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segregation, then it would seem somewhat improbable that 
any aggregates of cereal plants exist which can in strict 
correctness be called ‘pure lines’ in respect of productivity 
and quality of seed. That is a sad fact, because it is supposed 
that all cereal breeders without exception have based their 
work for a long time past upon the assumption that ‘pure 
lines ’ exist, and more or less on the basis of Johannsen’s work 
on beans self-fertilized from generation to generation (1903). 
But what after all did that prove? He took certain charac- 
ters, such as weight of seeds, and found that such differences 
as arose amongst the progeny of single individuals were in 
that respect of a fluctuating and not of a genetic order. As 
far as I know he brought forward no evidence that individual 
plants of these aggregates did not vary genetically in some 
other characters. It would indeed have been difficult, if not 
impossible, to prove that they did not so vary. Whether or 
not there is a plant on the face of the inhabited globe that 
is homozygous in all its characters is probably unprovable. 
I think it would take all the botanists more than all their 
lives to prove incontestably the existence of any such plant. 
Perhaps the best argument for the existence of such organisms 
is that there are some which, as far as we can see from 
observation of fossil remains, have not varied materially 
during long geological periods. But if it is admitted, as 
there seems to be a tendency to admit, that organisms vary 
genetically in response to environment, there may also be 
conditions where both the environment and the organism 
remain constant. 

I have recently become sceptical with regard to the doctrine 
of non-transmission of characters varying genetically in 
response to environment, because I have some evidence of 
such variation, which I believe to be conclusive, amongst my 
own cultures made during the last forty years. Fortunately 
for us, however, as breeders of plants for agricultural uses, 
we know that aggregates of self-fertilizing plants, which are 
the progeny of single individuals, are often genetically 
constant for long periods in respect of those characters to 
which we attach the greatest value. 

Summing up the present position of breeding and selecting 
barley for value per acre to the farmer, it may be agreed that 
we have to start with single plant cultures and then go on 
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year after year selecting individuals from these cultiiix‘s for 
the characters which we require, so that all our plants shall 
have a known pedigree. This is the old empirical method 
of Vilmorin, to which we owe not only our prc‘sent sugar- 
beets, but also most of our best cereal races. Without the 
single-plant culture method the results of Mendel and his 
successors could not have been established, but it is to the 
application of this method rather than to any IVIoudeliau 
theories of unit characters and segregation that we must still 
look for further improvement in the value of our agricultural 
crops. 

It is a matter of great importance to this country to secure 
good, prolific races of barley and to ensure that the best 
races are grown. 

In 1939 there were 6,000,000 acres of wheat, barley and 
oats grown in the United Kingdom, and with the exigencies 
of war conditions this area will of necessity be greatly 
increased; so that the difference between growing good, 
or inferior, yielding races is a matter of very considerable 
moment to cereal growers as a whole. 

In order to maintain and increase the arable area it is 
necessary that each of the three cereals should be remunerative 
to growers in those areas to which they are best adapted. 
Whilst wheat is of the first importance, it is very necessary 
to maintain and increase the area under barley and oats. 
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THE ORIGIN AND ANTIQUITY OF BARLEY 

Amongst evolutionary changes throughout the ages we may 
be grateful to the beneficent providence which presides over 
the growing of our cereals for having mercifully ordained 
that barley, reputed of old to have been the gift of Ceres and 
the first plant to be cultivated, still remains barley. 

There is no doubt that before there was any cultivated 
barley there existed wild forms of the genus Hordeum which 
were used for human food. Several of these wild forms still 
grow in various parts of the world. They are to be found 
in Palestine, Syria, the Euphrates Valley, Persia (Iran), and 
further east and north-east in Afghanistan and Bokhara. 
Many of them are not unlike some of our cultivated forms in 
various botanical characters and all the numerous present 
varieties are generally regarded as being descended from one 
or other of them. 

If we were called upon to name the moment of time which 
marked the beginning of human civilization, we might safely 
answer that it was the moment when, for the first time, some 
human hand (probably that of a woman) scattered seeds with 
the intention of raising plants for human food. All the 
evidence we have makes it probable that the first seeds 
deliberately sown by human hands were of one of the then 
existing races of the wild barley to which the specific name 
of Hordeum spontaneum has been given. 

Kornicke (1895) wrote: 

® Hordeum spontaneum ts particularly interesting in the history 
of agriculture. It is the oldest of our cultivated plants. Its 
cultivation is linked up with the beginnings of settlement^ and so 
with the further development of mankind. ^^That man might 
become man, he took an eternal pledge of faith with his mother 
earth''. Many consider the cultivation of wheat to be of older 
origin. My belief in the earlier cultivation of barley is based on 
that of the Greeks, with whom barley played a very considerable 
part. The Greeks formerly inhabited Asia in districts where 
Hordeum spontaneum still grows to-day. Either their predeces- 
sors, or other nations who inhabited these districts before them, 

7 
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iht' phnii. afit'r having uml fhr ’iclld form 

.. .• Anti<j:uissiinum in cibis hordcunr\ VUnifd 

/ ut' }h:vt' a front Aritmtidor that thv Greeks recogniznl barley 
i,v tia nldest enliivaied He tells ns that, arrording to 

ir:difi*m. the gods gave barley to mankind as ihe first form of food, 
a Ui^s barley that teas scattered at the sacrifices tf the old Greeks. 
Tiuse saerijices must have taken place at a period tvhen :cheat teas 
unkiioxen to them. When used sacrificially. barley tceni by a 
radmevtd name, tvhich all endeavours have failed to trace etymo- 
loAcalby natnely, XJlai. Further, barley xvas the chief form of 
nourishment of ihe Greeks, and it is to be noted that at a time tchen 
the country tvas in its prime barley served as food in a })rimitivr 
farm, 'Frue, it was sometimes baked into bread, hut rarely. It 
teas generally known as Alphita. The barley was roasted, but 
])nly'^sUghthj, and then coarsely ground. Originally this teas 
probably done with ihe purpose of making the corns mealy for 
easier mastication. Then ihe Alphita were stirred with icater and 
eaten with the addition of oil and condiments. This took ihe place 
of our bread, so that Alphita patroa meant the paternal heritage, 
and just as we now say of one who has his subsisfetur, has 
his daily bread"\ the Greeks said, has Ms ulpluta'”. 

So we see that Kornicke, who has probably fi^iven more 
study to the matter from a botanical point of vic'sv than 
anyone else, after surveying all the evidence, is of opinion 
that barley is the oldest cereal, and that H. distichum, vai\ 
spontaneum, Koch, which grows wild in the East and until 
of late years was the only wild barley known, is the parent 
form (Fig. 1). He describes the plant as having long and 
narrow ears, and he disagrees with an earlier writer (Koch), 
who originally described it and who considered that it re- 
sembled H. zeocriton. Kornicke, however, gives as the most 
prominent characteristic of the wild-growing variety the 
fragility of . the rachis. ^ 

1 Nakiral History, 18, 72. 

a This wild grass (H. spontaneum), of which there are several varieties 
growing freely in many parts of S.W. Asia, is certainly 30,000 to 40,000 ycjirs 
old. The character which sharply distinguishes it from most of our cultivated 
races (some of which were probably cultivated 10,000 years ago) is the fragility 
of the rachis; the ears fall to pieces before the grain ripens. This habit lias 
reappeared in some recent hybrids raised by myself and others, within the 
past fifty or sixty years. I have no evidence that this habit was present in 
any cultivated races before the practice of cross-fertilization started, within 
living memory. 

I have artificially cross-fertilized H, spontaneum in the nursery at War- 
minster with a number of races of cultivated barley and have found in 
every case that the progeny was fuUy fertile. Complete fertility of a hybrid 
progeny is some presumptive evidence of relationship (even if very distant) 
between the parents — and therefore of a common ancestry. 




Fici, 1.— Wild barley (H. di.slichutn, var. spofitaneam^ Koch)* 
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The Origin and Antiquity of Barley 

J. G. Frazer (1912), who approached the subject of the 
relative antiquity of barley and wheat entirely from the 
standpoint ot the study of mythology, was of the opinion 
that ilie culture of barley preceded that of wheat. He says: 

AVe have found independent reasojis for identifying Demeter 
as the Corn -mother, and of the two species of corn associated with 
her m Creek religion^ namely, barley and wheat, the barley has 
perhaps the better claim to he her original element; for not only 
would it seem to have been the staple food of the Greeks in the 
Homeric age, but there are grounds for believing that it is one of 
the oldest^ if not the I'cry oldest, cereals cultivated by the Aryan race. 
Certainly the use of barley in the religious ritual of the ancient 
II indoos as well as of the ancient Greeks furnishes a strong argument 
•in favour of the great antiquity of its cultivation, which is known 
to have been ^^raciised by the lake-dwellers of the Stone Age in 
Euro2u\ 

Quite recent discoveries in Mesopotamia seem likely to 
alter our scale of chronology. It appears that Mesopotamian 
cultivation, and therefore presumably cereal cultivation, might 
have been far older than any other. . No such urban civiliza- 
tion, as tlie old Mesopotamian is -now proved to have been, 
could have been possible without very large previous cereal 
cultures. Nomad tribes might feed on wild grain, as indeed 
they still do, but not inhabitants of big cities. So it looks 
as if we might have to put back the beginning of cereal 
cultivation to 20,000 or even 50,000 years, or indeed to an 
even earlier period. Vavilov (1926) was inclined to think on 
botanical and ecological grounds that barley spread outwards 
from two centres, one in North Africa and the other in East 
Asia, and he mentions Abyssinia as a possible originating 
centre. ^ 

Origin of species will always be wrapt in mystery in the 
mists of millions of years ago, but our growing anthropo- 
logical, archaeological, and even traditional knowledge may 
help us to locate with some degree of probability the period in 
which barley was first grown and the identity of the first 
human being who planted the seeds. I think it very unlikely, 
however, that we shall ever get beyond the speculative stage 
in the study of the origin of cereal cultivation. 

1 When I wrote Varieties of Barley (1902) I was very much struck by the 
wealth of forms of barley which occurs in Abyssinia. There are many more 
forms there still in cultivation than in any other part of the world. The 
^defldens^ forms occur only there. 
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I am fortunately able, Avitli the kind consent of the Hoyal 
Anthropological Institute, to reproduce a photograph (Fig, 2) 
of a few grains of cultivated barley from j^robably the oldest 
store yet discovered- Stores of this grain wt‘re found by 
Miss Caton-Thompson and Miss Gardner (102C)) in sevcn^al 
straw-lined pits similar to that illustrated (Fig. :3)- in the 
course of excavations by these two explorers in the' Fayum, 
situated on the borders of the lake known in aucMcut times as 
Moeris, about sixty miles south-west of Cairo, and believed 
to have been placed there prior to the Egyptian ' Sequences \ 
These excavations disclosed the remains of the culture of a 
Neolithic race of men who lived there and cultivated barley 
at a time which has been variously estimated at 5,000 to 
10,000 i^ears ago. How long before the time of these people 
barley was in cultivation we are never likely to know. 

Miss Caton-Thompson and Miss Gardner appear to think 
that the race of men who inhabited this area arrived there 
sofne centuries earlier than 5,000 b.c. Professor Sir Flinders 
Petrie had originally put the date far earlier and had sTiggcsted 
some such date as 15,000 b.c., basing his estimate mainly, as 
far as I understand, on geological evidence. 

Samples of the Fayum Neolithic grain were examined by 
several^ experts, viz., the late Dr. Otto Stapf, Dr. John 
Percival, Sir Rowland Biffen; and by Mr. A. Jackson 
(of Messrs. Guinness, Dublin), who examined the specimens 
of barley only. There was a quite definite discrepancy in 
respect of the identification of the barley grains as being 
either of the sub-species H. hexastichum or H. vulgare; or a 
mixture of both. ^ 

Details of the determinations made on the grain are related in 

Miss Caton-Thompson^ s and Miss Gardner'^ s more recent work^ 

The Desert Fayum (1934). 

It is difficult to distinguish with certainty between grains 
of H. hexastichum and H. vulgare^ especially if the material 

1 Barley and Emmer (probably the original wheat plant and one of the 
most ancient cultivated cereals) might have been often grown as mixtures 
and perhaps from the very outset of civilization. H. spontaneum and T. 
dicocciedes (Wild Emmer) are still found growing together in Palestine and, 
as far as I know, Emmer has always been found mixed with the prehistoric 
samples. Also mixtures of barley and wheat are referred to in the earliest 
records we have and the custom of sowing mixtures of these two cereals still 
survives. Emmer was the only wheat grown in Egypt for many thousands 
of years. 



Kio. 2. — Grains of Neolithic barley. 
L.: Lateral grains. 
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The Origin and ^ Antiquity of Baf'ley 

is 5,000 to 10,000 years old, unless one has the rachis, or 
portions of it. Fortunately, in this case, there were portions. 
The fact tliat the internodcs were over 3 mm. apart, however, 
made it evidcait that the barley belonged to the sub-species 
H. vulgare. The shape of the corns also confirmed this 
opinion. The sample contained a mixture of about 25 per 
cent, wheat. 

Mr. A. Jackson, idIio examined the material from three pits 
very thoroughly, in a contribution to Nature (1933), described 
the barley as consisting of two varieties, six-rowed and two- 
roiced. 

In the illustration shown (Fig. 2) those grains marked L, 
which are slightly twisted, are probably the lateral ones of a 
six-rowed variety; the others may be either median grains 
of a similar variety, or grains of a two-rowed variety. 

From an Early Iron Age settlement at Fifield Bavant Down, 
Wilts, grains of barley (as well as wheat and oats) were dis- 
covered about thirty years ago. ^ I obtained and examined 
a sample of this barley drawn from the bulk and found that, 
like the Fayum grain, it was a mixture of Emmer and Barley. 
This grain was probably grown 2,000 to 3,000 years later 
than the Fayum specimens, but it is quite conceivable that 
it took an equally long period to reach here, either from 
Egypt, or from further east. We know little as to the age 
when cultivation began in England, but it probably originated 
on our Chalk uplands. 

The fact that Emmer and Barley mixtures are found in 
locations so far apart is consistent with a belief that the first 
grain to be cultivated was a mixture of these two. It is also 
significant that H. spontaneum and Wild Emmer are often 
found growing together. 

Some of the oldest specimens of cultivated barley which 
I believe are in existence in this country are preserved in the 
British Museum: 

1. In the Egyptian Department there is a jar of grain from 
Thebes believed to date from between 1,200 and 1,500 
B.c. It is remarkably well preserved and without 

^ Specimens of the Fifield Bavant barley are to be found, in the Devizes 
Museum, Wilts, This grain has been referred to as heasastichum, but judging 
from the photograph of the rachis {see Wilts Archaeological June 

1924, Plate XVII, Fig. 1) I should be inclined to designate it as vulgare. 
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doubt is six-rowed barley, not dissimilar to II. vidgare 
as now grown. The shape and size of the grain are 
those of a rather small Yerli (Smyrna) barley; some 
of the grains of the lateral florets, however, are very 
small. The rachilla is of the same type as tliat 
common to H. vulgare as now grown, viz., nearly 
smooth with a few bristles at the apex. 

2. In the Ethnological Department there is a collection of 
carbonized grain from the Swiss lake dwellings; the 
date may be anything between 2,000 and 3,000 u.c. 

There is no doubt that this latter is H. hea:astic.hi.tnt. No 
wild barley with short internodes like II. Iicxustickuiii is 
known, but it is conceivable that such a plant, noAV lost, may 
have been the parent form of the sub-spccies hexastichum 
(six-rowed) and zeocriton (two-row'ed). 

Barley is very frequently portrayed on ancient coins, and 
from an examination by Munro and myself of a colk^ction of 
casts of aU the coins in the British Museum bearing repre- 
sentations of barley (kindly sent to us by Mr. G. T. Hill, of 
the Coin Department, some forty years ago) it socans that the 
older Western barleys were of this type, viz., with wide spikes 
and short internodes. This appears to afford some additional 
evidence in favour of more than one parent form. 

Of these casts, those which show the most detail, and at 
the same time the most beautiful and careful design, arc 
from Metapontum, in South Italy, and date from between 
600 and 300 b.c. They evidently portray wide-eared, six- 
rowed barley, and on photographing the coins and ears of 
H. hexastichum side by side there appears a close resemblance 
in the shape of the ears, and in the angle between the grain 
and the rachis. Fig. 4.A represents the oldest of the Meta- 
pontum coins. There is also one British coin of Cunobelin, 
struck at Camelodunum (Colchester) about the beginning of 
the first century b.c., the obverse of which is occupied by an 
ear of barley. The design is much less careful than that of 
the Metapontum coins and is somewhat diagrammatic; but 
Munro and I came to the conclusion that it also represents 
wide-eared barley, though in this case that of the two-rowed 
variety (Fig. 5a). We received from Dr. Hans Schinz, of the 
University of Zurich, a paper written by the late Professor 



Kig. 4a. 


Kig. 4b. 



Fig. 5 a . Fig. 5b. 


Fit;s. 4a and 5a, — Ancient coins depicting’ cars of barley. 

4b and 5b. — ^Vide-earcd six- and two-rowed barleys 
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Oswald Heer, which contained a number of most carefully 
executed figures of ears and grains of barley found by him 
when excavating the lake dwellings of Robenhausen. They 
were previously referred to by the writer of the article in the 
Ency, Brit,, and also by Mr. H. Stopes (1895). They are 
unmistakably wide-eared barleys. We further received from 
Dr. Mcssikonimcr, of Wetsikon, Canton Zurich, a colleague of 
the late Professor Heer, a number of actual grains of barley 
found in the lake dwellings. They are all carbonized. Under 
what conditions this happened appears doubtful, but the 
ancients were apparently accustomed to roast barley for use 
as food. The grain is short and plump in shape, and at first 
sight looks like 'naked’ barley, but Dr. Schroter, of the 
Museum of Zurich, where Dr. Heer’s original specimens of 
ears are preserved, informs us that he is of opinion that this 
is not the case. Professor Heer suggests that if the existing 
sub-species have a common origin, then the H. hexastichum 
of the lake dwellings is the probable ancestor of the other 
types, for it is more likely that improved cultivation has 
resulted in the lengthening of the ear than the reverse. He 
mentioned the finding of one ear of two-rowed barley, which, 
however, was unfortunately lost, and which he considered to 
have been rare in this age. It seems probable that the infertile 
florets of two-rowed barley were originally fertile, and some 
of the older agricultural writers say that two-rowed barley 
will degenerate into six-rowed grain under adverse conditions.^ 
On this point we have no direct evidence available. 

^ General Report on Agriculture, etc,, of Scotland, Sir John Sinclair, Bart., 
President of Board of Agriculture, etc., 1814, vol. i, p. 495. 



CHAPTER III 


VARIETIES OF BARLEY 

Classification and Nomenclature 

It can hardly be said that there is at present in this country 
any generally adopted scheme of classification of barley, or 
of the cereals in general; or indeed that there has been any 
systematic study of the varieties of barley and of the morpho- 
logical differences which they represent. 

The earliest classification of the genus Hordcurn of any 
moment was that of Linnaeus, in 1748, followed five years 
later (1753) by a more elaborate version. Kornickc (1882) 
published a monograph on barley, which contained a classi- 
fication of all the forty-four varieties then known, with a 
very beautiful set of illustrations. This was followed by the 
HandbucJi des Getreidebaues of Komicke and Werner (1885). 
The first volume gives a description of all the varieties of 
barley then known, as well as of the other cereals ; the second 
volume relates the results obtained by cultivating almost 
every kind of grain (including all our well-known sorts of 
English barley) on the plots attached to the Landwirtschaft- 
lichen Akademie at Poppelsdorf, near Bonn. There is nothing 
in the English language comparable to this encyclopaedic 
work on the whole of the cereals, but Percival (1921) has 
filled the gap for wheat with his magnificent monograph on 
that cereal. 

The study of the varieties of barley, in addition to having 
been continued at Poppelsdorf by Komicke, has been actively 
carried on by Rimpau (1891). Amongst others who have 
made contributions to the classification of barley are Atterberg 
(1899), whose very complete system has been fully described 
by Dr. Hunter (1926); Dr. Harlan (1918) of the U.S. Depart- 
ment of Agriculture; and R. G. Wiggans (1921) of the 
Cornell University Agricultural Experiment Station. 

No two botanists have ever adopted the same classification. 
The fact is that schemes of classification are necessary, but 
fail theoretically. This arises from the fact that definitions 
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of the various ‘ groups e.g. genus, species, variety, etc., are 
all arbitrary. It would be otherwise if any one group 
received general acceptance. 

Now that racial affinities are better understood than in the 
age of Linnaeus it seems that the term ‘ species ’ at least might 
receive .some authoritative definition, at any rate for the 
higher orders of plants and animals, and I suggest that a 
definition which would lead to the least disturbance of 
existing nomenclature might be: ‘A group of plants (or 
animals) the individuals of which can interbreed freely and 
whose progeny are similarly fertile’. 

No doubt all sorts of objections could, and would, be 
raised, but such a definition would embrace all the cultivated 
barleys and also the wild species Hordeum spontaneum, so 
that they would all fall into one species. They were, in fact, 
so classified by Linnaeus (1758), and in our time by Kornicke 
(1882), 

When we come to the groups into which ‘ species ’ may be 
divided the confusion becomes very great. It is as com- 
plicated with barley as it is with the human race. 

Percival (1921), dealing with wheat, divides the genus 
Triticum first of all into two species of wild plants and then 
into eleven races of cultivated forms. He subdivides ‘races’ 
into ‘ varieties ’ and bases the latter on the following hereditary 
characters : 


1. Presence or absence of awns. 

2. Colour of glumes (white, red or black), 

8. Colour of awns (white, red or blue). 

4. Glabrous or pubescent glumes. 

5. Colour of grain. 

He splits ‘varieties’ up into ‘forms’ and defines the latter 
as ‘the progeny of a single individual, the origin of which 
may, or may not, be known for certain and gives as examples 
Purple Straw, Red Fife, Squarehead, and other wheats. 

Some writers use the term ‘race ’ to designate any aggregate 
of plants which possess the same inherited characters, and, 
since there is a presumption that such aggregates have a 
common ancestry, this seems to be a more descriptive term 
than ‘form’. 

It is fairly obvious, first, that we cannot get a satisfactory 
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definition to distinguish varieties and forms; and, see<nidly, 
that we cannot continue to attach Latin naines oven I o every 
new variety, still less to every new form. 

Take, as an example, the tv:o, so-called, forms, Ilordnim 
distichum, var. mitans, form Cliovalier, and llordrum distich uni 
(or zeocrithum), var. crectum, form Goldthor])c‘. Ncuv tliere 
are scores of distinguishable forms of var. nuta)is\ many of 
which are known to be races in the sense that tlu^ aggregates 
are descendants of a single plant. The same applic\s to var. 
erectum. 

There are at present multitudes of' hybrid forms resulting 
from crosses between forms of nutans and creefunK many of 
which are intermediate betw'ecn the two in respect of lengtli 
of the rachis and width of ear, which arc the distinguishable 
characters of nutans and erectwm. 


I am, with much hesitation, inserting in /( 2 y)en(h\v A to this 
volume a list of hybrid varieties of barley. I believe that in 1002 
this list was a complete one and I had myself grown jdants of each 
of the varieties named. But at that time I did not foresee that I 
should have grown, for over forty years, ihousands of different 
forms of barley, of which more than three-fourths were the pi'Ogeny 
of a single plant, and of which many hundreds might almost cer- 
tainly have given rise to constant races if they had been multiplied. 
It will be seen therefore how impossible it is to attach botanical 
names to every new form of cultivated plant, whether it is a "pure 
race ’ or not. 


The term 'variety' in a botanical sense is used to distin- 
guish plants belonging to the same species, but differing in 
some structural respect which persists through succeeding 
generations. Varieties are supposed to have had within some 
measurable time a common ancestry, and, furthermore, the 
individuals by natural or cross-fertilization with others of the 
same species will give rise to new varieties, generally of an 
intermediate character, but occasionally differing widely from 
either parent.^ 


^ The term ‘variety’ is frequently used in a much looser sense for aggre- 
g^es, such as, for instance, Californian, Indian or Algerian barleys, which 
d^er tom one another mainly (or sometimes entirely) through the effects of 
climatic conditions ; or, alternatively, for such aggregates as ‘ Scotch Common’, 
whi^ by the process of natural selection have acquired some definite characters, 
such as early ripening, although they may be composed of many diflerent 
^ t^m ‘type’ for all these aggregates and to use the term 

variety , in ilte true botemcal sense, to distinguish aggregates having quite 
^tinot morphological characters, such as Hordeum distichum, var. nutans = 
^..nevalier, etc., Hordeum zeocriton, var, ereciwm =Goldthorpe, etc. 
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Botanical Classification 

The botanical classification of barley, as in most of the 
plants of the higher orders, depends on the form of the 
inflorescence and its members, so that in the genus Hordeum 
we may confine our attention to the form of the spike or ear, 
to tliat of the floral appendages, and, what is of still more 
interest, to the caryopsis or fruit. 


(a) Linnaean Species ^ 


There is a tendency amongst modern authorities to consider 
all our cultivated barleys as belonging to one species. 
Linnaeus and the earlier botanists had recognized six species : 


Hordeum hexastichu7n\ 
Hordeum 

Hordeum 
Hordeum 

Hordeum 
Hordeum 


vulgare 

distichum 

zcocriton 

coeleste 

nudum 


Six-rowed barleys. 
Two-rowed barleys. 
Naked barleys. 


Later botanists (e.g. Atterberg) have usually ranked all 
these as sub-species or groups, or races of one species, and 
have adopted for the species as a whole the botanical name of 
H. sativum. 

The implication is that all the varieties have had a common 
origin. There is no direct evidence that this is so. Kornicke, 
in one of his many works in which he refers to wild barleys, 
says: ‘In 1916, we found in Persia and Transcaspic Province 
and in Bokhara a number of spring varieties of wild barley 
with typical bristle spikelets, varieties with black ears, with 
smooth as well as with hairy glumes’. 


(b) Varying Structures 

The straw or stem of barley, as in all cereals, is hollow, 
except at the nodes or solid joints, from which the foliage 
leaves of the plant arise; the lengths of stem between the 
nodes are the internodes. 

The wild Hordeum spontaneum has relatively to the 
^ Linnaeus, Sp. PL, 84. 
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cultivated races a long, thin stem ; the actual length may be 
anything from loss than 2 ft. to over 4 ft., according to the 
environment. In all barleys the uppermost intcruode im- 
mediately below the ear is always the longest, though there 
is considerable genetic and fluctuating variability in its length 
in the different races. 

The primary axis of the spike or ear of barley, called the 
rachis, is divided, like the straw or stem below, into intern odes 
which are very short and of which there may be any number 
up to forty. 

The length of the internodes in H. spoiitaneum measure 
from 6-0 to 9-5 mm. (average 7-2) and are longer than those 
of any cultivated races. In the latter the length of the 
intemodes is approximately 2*8 to 3*C mm. in the long, 
narrow-eared races of both two-rowed and six-rowed barleys, 
and from 2-1 to 2*6 mm. in the short, wide-eared races. 
Intermediate lengths are met with amongst ai'tificially pro- 
duced hybrids and there is also considerable variability. 

At the base of each internode of the ear is a node or notch, 
from which three single-flowered spikelets arise, the threes 
being arranged alternately on either side of the rachis. 
These three spikelets are each apparently sessile upon the 
rachis, that is, attached directly to the main axis. There is 
present a rudimentary secondary axis or rachilla to each 
spikelet which does not function as such and which differs 
in structure in different varieties. Percival (1936) suggests 
that the three spikelets of cultivated barleys may be looked 
upon as springing from ‘ a primary branch, with two opposite 
lateral branches each bearing one flower’, but the branch, 
if it existed in the parent form, has become merged in the 
rachis, and only the three secondary branches remain, and 
these only as rudiments. 

Of the three spikelets springing from each notch of the 
rachis either all three (namely, the median and the two 
lateral), or only one (the median) may be fertile. In the 
former case the barley is said to be six-rowed (Figs. 6 and 7), 
and in the latter case two-rowed (Figs. 8 to 11), the super- 
imposed spikelets in each case forming vertical rows. 

It has sometimes been stated that there is a third form, 
viz., the median row infertile (staminate or male) and the two 
lateral fertile (bisexual), thus giving a four-rowed barley. 
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This occurs in one of the wild barley grasses, H. sylvaticum, 
but not in any cultivated variety, or if it does occur it is a 
mere ‘ sport and not constant. 

The flowers of the lateral spikelets of the commonly 
cultivated two-rowed barleys are staminate only, with 
rudimentary ovaries. 

This distinction between six-rowed and two-rowed varieties 
gives us the first broad grouping into which the genus is 
divided. 

Between the six- and two-rowed groups there is an inter- 
mediate form, the H, intermedium of Kornicke. The lateral 
spikelets of this group although fertile are small and 
devoid of awns, and Kornicke considers the two varieties 
(one wide-eared and one narrow-eared) which present this 
condition to be entitled to rank as a separate group or sub- 
species. 

For the purpose of a more extended classification we have 
to take into account (1) the shape of the spike or ear, (2) the 
variation in the forms of the spikelets. 

The ear, both in the six- and two-rowed sorts, may be 
wide and short, or narrow and long, and the arrangement of 
the spikelets differs in the wide- and narrow-eared forms; 
also the ears of the wide-eared sub-species are more erect 
after ripening, and those of the narrow-eared ones more 
inclined to droop. 

Passing from the form of the ear to that of the spikelet 
and its enclosed caryopsis, the latter is enclosed by the outer 
and inner paleae, commonly called the husk, the outer palea' 
usually terminating in an awn. The paleae and their appen- 
dages, the awns, differ in respect of adherence or non-adherence 
to the pericarp of the caryopsis, also in colour and shape, and 
so give rise to many varieties. 

The foliage system considered morphologically includes the 
paleae and awns. Diverse forms of these are racially characteristic. 
In H. spontaneum and the common cultivated sorts the paleae 
terminate in long serrated awns. The degree of serration of the 
awns is a genetic factor. In some races awns are replaced by a 
structure which in some respects has no parallel in any other 
species. In the case of H. trifurcatum, which is in common 
cultivation in some Himalayan districts, in place of an awn the 
outer palea terminates in a Hrifurcate^ appendage, which contains 
a rudimentary floret. In some hybrids this floret is complete^ and 
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Biffen some years ago collecied ripe seeds from one single floret 
reproducing the characters of the parent lAant. Aicns are tran- 
spiring organs and it seems probable that the replacement of them 
by this structure renders the plant more iverophilous. In some 
hybrids obtained by crossing H. tritiircatum with arened forms, 
the awn is entirely absent and the outer palea terminates in an 
acuminate point?- In some cultivated races the aicns are very 
brittle at their lower extreynity and fall off readily from the palcac 
before, or after, the time of ripening of the seeds. 

In H. spontaneum, and in most of the cultivated races, the 
paleae adhere closely to the pericarp of the caryopsis and form 
part of it for all practical purposes. There is considerable 
variation in the colour of the paleae of different natural varieties 
after ripening: this ranges from deep black to pale yellotc. The 
races more generally cultivated in Europe have yellowish ripe 
paleae but there are distinct genetic degrees of this colour. The 
colour of the ripe pericarp} is also genetically variable from pale 
yellow in H. spontaneum and most cultivated races to black in 
sorree species of Asiatic and Abyssinian origin, and is not ahvaj/s 
associated with similar colour of the paleae. The alcuron cells 
of the endosperm also frequently contain pigment of different 
shades of bluish-green, and this is also a genetic character of 
barley which has received little attention. 

The other accompanying structures are the glumes outside 
the paleae and at the base of the grain. They correspond to 
the outer glumes of wheat, but are very much smaller and, 
like the paleae, they differ in form and give rise to varieties. 
The abnormal forms may be considered to be retrograde and 
they have no agricultural value. 

The rudimentary rachilla varies in form, and more 
particularly in respect to the extent to which it bears 
hairs. 

There seems to be no well-established theory as to the 
structural significance of the rachilla and some doubt as to 
whether it is the remnant of a ^branch’ of the rachis, as 
Wiggans (1921) indicates . 2 

It has been suggested that the outer palea (Wiggans’ 
‘Lemma’) might be regarded as a modified branch of the 
rachis rather than as a modified leaf, the reason for this being 

^ "^o-rowed awnless barley is one of many forms obtained by Rimpau by 
crossing var. SteudelH (black Abyssinian barley) with var. irifurcatum, naked 
Nepal barley. 

^ As far as I know the type of rachiUa is quite constant in the progeny of 
single self-fertilized plants, i.e. it is a genetic and not an environmental 
character, but of course one gets boUi smooth and rough and intermediate 
t3^€s of rachilla in hybrids, and also in most commercial bulks. 
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H. HEXASTICHUM. 



Fkj. <). 

a. Tlirc ‘0 spikclcts hi on the 

raeliis, showing- short inter- 
nodes. 

b. Sj)ikc. Median s])ike]ets upper- 

most, and with lower awns 
removed. 

c. S})ike. Lateral spikelcts upper- 

most, and with lower awns 
removed. 



Fig. 7. 

а. Three spikelets in situ on the 

rachis, showing long inter- 
nodes. 

б. Spike. Median spikelets upper- 

most. 

e. Spike. Lateral spikelets upper- 
most. 


The diagrams show the relative position of the spikelets to the rachis when 
projected on a flat surface, the spike being in position e. 

The arrow passes through the longer transverse axis of the rachis. The three 
spikelets on each side spring from the same internode, A dot opposite the furrow 
of the inner palea indicates the rachilla. The ovary occupies, in the flowering 
stage, the centre of the s})ikelet, and is surrounded by three stamens x and two 
lodicules ~ . The jiosition of the glumes is indicated outside the outer palea - • 
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H. 2EOCRITON. 


T 



Fig, 8. 

a, d. Spikelcts. Rachis edgewise, 
showing short inteniodes. 
h. Var. zeocrithutn (fan barley). 

Spike converging. 
c. Var. erectmn (Goldthorpe). 
Spike parallel. 
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H. DISTICHUM. 



Fu!. h. 

a, (/. Synkclets. Uaehis edgc^wisc*, 
showing long intenuxleH. 

&. Var. nutans (Chcvallier). 
c. Ouchak barley. 


The diagrams show the spikelets projected on a Hat surface. See Figs. (>, 7, 




H. INTERMEDIUM 
VAR. TRANSIENS. VAR. HAXTONl 
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H. DECIPIENS^ 

t 



Fuj. X()«. 

H. itiU’nnedinni, Kcke. 
vjir. Irtmaienfi 
(wide ronn). 

a. Three spikelets in sHn^ 

media n s p i k e 1 e t 
uj)])erin()st. 

b. Spike. Lateral smali 

awnless spikelets 
ui)penn<)st. 


Fkj. 106 . 

H. infernuulinm, Iveke. 
var. HiiiVtoni, 
(narrow fc»rin). 

f/, b as Fiy;. lOr/. 


Fio. n. 

H. (led p lens, Steudel. 

rt, 6 as Fis^. t()6. 


The diagrams show spikelets projected on Hat surface. See Figs. 0, 7. 




i 



a 



* 


if. Nonntil form. 

b. Short n 1 oi'ininn I iou in 

Irilnl nf >|U‘n<lau<*. 

c. 1 'I'rit’nroat <• paN at*. 
c. t- r>. 'rril*iir(‘at t‘ palra<“, 

iiakcMi liiain. 
tl. Awnk'ss palca. 


b c 1-5 d 

Fi(i. 1*2.— Variation in lha paU*ai‘ of IIordcKfn . 


y 



a, b, c d, e f ^ h 


Fig. 13. — Variation in the {flumes of IfordfUfN. 

a. Segment of rachis. Glumes /n a*////. Grain removed. Normal lonn, 

b. Spikelet of H. diHtichum. Glumes and grain iti situ. Normal form. 

c. Spikelets of H, vvlgare. Glumes and grain in situ. Normal forni. 

«. Ovate-lanceolate glume of var. recens. 

e. Spikelet of H. distichum, var. Kondekei. Glumes lanc-eolate. 

/. Spikelet of H. distichu7n, var, Srannei. Glumes of me<lian spikelets 
lanceolate and awiied, 

g. Spikelet of H. distichu?n, var. IMnnH. Glumes of all the spikelets 

awned. 

h. Spikelet of H. hevoastichunu var. ennjlepis. Glumes of all the 

spikelets ovate-lanceolate and awned. 
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that it soinctiinos bore (as in the hooded races) florets, and 
there is IK) known ease in the Angiospcrnis, as I under- 
stand, of flowers being carried on leaves, although they arc 
soiuctiiucs carried on leaf-like branches, as in 'Butcher’s 
Broom 

The several structural forms above referred to are illustrated 
by Figs. 0 to 15. 

(c) Classification ^ 

Ilordcum sativum^ Pers. ^ (H. vulgarc^ Kcke.) 

SUB-SPECIES on RACES 

1. Spike of six rows of spikclets, all fertile. 

A. Wide, with slioii: internodes, H. hexasLicImm, L., 

Fig. 6. 

B. Narrow, with long internodes, H. vulgare, L. ® 

(H. tetrasiichum, Kcke.), Fig. 7. (Both common.) 

2. Spike of six rows of spikclets, all fertile — two median 
rows normal, four lateral rows diminutive and without awns. 

A. Wide, with short internodcs, FI. intermedium, Kcke. 

(var. iransiens). Fig. 10, a. 

B. Narrow, with long internodcs, H. intermedium, 

Kcke. (var. Haxtoni), Fig. 10, 6. (Both rare.) 

3. Spike with two median rows of spikclets fcitile and four 
lateral rows infertile or staminatc. 

A. Wide, with short internodes, H. zeocriton, L., 

Fig. 8. 

B. Narrow', with long internodcs, H. distichuyn, L., 

Fig. 9. (Both common.) 

4. Spike W'ith tw'o median ro^vs of spikclets fertile, and four 
lateral rows rudimentary and without floral organs. 

II. deciincns, Steudcl (several Abyssinian varieties), 
Fig. 11. 

If each of the forms w'cre represented by wide and narrow 
forms w'c should have eight groups or sub-species. No. 4 is 
only narrow'-cared in natural varieties, but there is a hybrid 
wide-eared form. 

^ This chissiliciiUon follows that of Kuniicke, with only a few* unimportant 
amendments of which he approved. 

- Persoon, Synopsis, I, lOS. 

® Linnaeus, Sp. PL, 84. 
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Varie'i'ies 

Within the several sub-species wc have varieties cultivated 
in various countries differing in the character of the spikelets 
and their appendages in the following respects ; 

1. The adherence or non-adherence of thc^ paleae to the 
pericarp. 

(a) The common form with adherent paleae. 

(b) Naked barleys. 

2. Colour of (1) the paleae, (2) the caryopsis. [The colour 
of the caryopsis may be due to colouring matter in the peri- 
carp, or in the aleuron cells as pointed out by A. .1. Brown 
(1900). There are, furthermore, some black barleys which have 
colouring matter in the starch-containing cells of the endo- 
sperm whilst they are in a steely condition, but as tlie process 
we know as mellowing proceeds the colour disappears.] 

(a) Yellow or white paleae and caryopsis. 

(b) Yellow or white paleae with bluish-grey caryopsis. 

(c) Brown paleae. 

(d) Black paleae. The colour of the caryopsis when 

naked in the two latter cases also varies. 

8. Variation of form of the outer paleae. ' 

(a) Normal form with serrated awns, Fig. 12, a. 

(b) With smooth awns. 

(c) Awns replaced by or terminating in three processes, 

Fig. 12, .b, one of which is generally re- 

curved, and frequently bears a rudimentary 
flower (cl, c®). The palea is then said to be 
trifurcate. 

(d) Without awns, i.e. the paleae terminating in a 

mere point (acuminate). Fig. 12, d. 

4. Variation in the glumes. 

(a) The normal form of two narrow spear-shaped 

glumes, Fig. 13, a, b, c. 

(b) The normal glumes of the median spikelets in 

the six-rowed sub-species replaced by ovate- 
lanceolate or’ boat - shaped bracts, sometimes 
bearing awns. Fig. 18, d, e, f. 

(c) The glumes of the lateral spikelets so replaced. 

Fig. 18, g. 




Fig. 14. — Smooth rachilla of Fig. 15. — Bristly rachilla of Gold- 
Chevallicr barley H. cfis- thorpe barley H. zcocrUon, in 

ticham, in S'iUi on the rachis, situ on the grain, 

IvIotk. — W hen the grain is not very fully ripened the rachilla sometimes 
adheres to the rachis, as in Fig. 14. Generally, with both kinds, it is attached 
to the grain as in Fig, 15, 
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(d) The glumes of all the spikelets so replaced, 

Fig. 13, h. 

5. Variation in the rachilla. 

(а) The racliilla long, with very short, woolly hairs 

(villous), or nearly hairless (glabrous). Fig. 14. 

(б) The rachilla short, and bearing long, stiffer hairs 

(hispid), Fig. 15. 

If we imagined every combination of the above forms to 
occur we should have several thousands of varieties ; but 
fortunately this is not the case, and we can reduce the natural 
varieties to the list given in Appendix A, all of which are 
described by Kornicke. Of each of these varieties I possess 
specimen ears, together with others which have been obtained 
by cross-fertilization. The number of these is likely to 
increase indefinitely. 

The above classification and nomenclature differ from that 
of Kornicke in three particulars : 

(1) In the common form of six-rowed English barley or 

Scotch here (H. vulgare), the two lateral rows of 
spikelets springing from one side of the rachis 
cither partially or entirely intersect, and overlap the 
alternate lateral spikelets which spring from the 
opposite side of the rachis. ^ This has given rise to 
the use of the term ^four-rowed barley’, and the term 
may be admitted as a common name; but the corre- 
sponding botanical term, H. tetrastichum, has, I think 
rather unfortunately, been applied to this sub-species 
by Kornicke. He transfers the term H. vulgare to 
include all the cultivated barleys (and also H. spon 
taneum, which he supposed the parent form), but 
English botanists always use the term H. sativum as 
the specific name for all the cultivated barleys, and 
it seems desirable therefore to continue to restrict 
H. vulgare to the so-called four-rowed barley or ‘ here 
to which Kornicke gives the new term tetrastichum. 
There is, strictly speaking, no cultivated ‘four-rowed’ 
barley, as this name would seem to suggest. 

(2) Kornicke includes all two-rowed barleys in the sub- 

^ Very rarely the corresponding median spikelet is infertile, so that the 
spike appears to be ‘two-rowed* towards the apex. 
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species H. disticlmm. It appears, however. Ilia I* there* 
is just as much reason for ranking' the wide* slu)rt- 
eared varieties of tAvo-rowed barleys (consiele*re*d by 
Linnaeus to be a species) as a siib-speeie's elistinet rre>iu 
the long, narrow-eared, two-roweel vark*ti<*s, as there 
is for the closely analogous differe'iiliation e)!' the^ 
short- and long-eared sub-species hexastiebum and 
vulgare. This brings the Goldthorpe l)arle*vs into the 
sub-species H. :::eocriton. They arc not as sliort and 
wide in the ear as the older form so named; but 
classification of cultivated species is largely a matter 
of convenience, and it appears to me that the above 
arrangement is logical and convenient, and th(‘refore 
justifiable. 

(3) Lastly, at the other end of the scale wc have sc^veral 
Abyssinian varieties of two-rowed barley which have 
hitherto been ignored by English writers, the lateral 
spikelets of which arc quite rudimentary, i.e., reduced 
to a mere bract, and develop no floral organs. These 
appear to me to be even more entitled than the inter- 
mediate form before mentioned to rank as a sub- 
species and, as they are undoubtedly constant in 
form, I propose to group them under the name of 
H, decipiensy the name given to them by Steiidel, 
who was one of the first European writers to describe 
them. ^ 

Typical examples of each of the four principal groups or 
sub-species of barley are represented in the United Kingdom 
and in imported grain : 

Hordeum hexastichum (commonly known as "six-rowed 
barley’) is of the same sub-species as our own winter barley, 
but there are many varieties and the growth of no two 
countries is alike. It is grown in England only as a winter 
sort, and mainly as a forage plant. It is known in France as 
"Escourgeon’. Sometimes imported from Syria; also found 
in brewing Chilian’. It has a very limited range compared 
with H. vulgare. 

Hordeum vulgarcy known as "four-rowed’ or "bere’. There 
are winter and spring sorts in the United Kingdom. Most of 


^ Syn, Gram,, p. 351 . 
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the Smyrna and foreign ‘ brewing ’ barleys also belong to this 
sub-species. 

Hordeum zeocriton is now known in Great Britain as Gold- 
thorpe or Spratt barley. The earlier and still wider-eared, 
but more tapering form, known as ‘fan’ or ‘peacock’ barley, 
has gone out of general cultivation. 

Hordeum distichum is the sub-species to which the Chevalier 
and all the other narrow-eared two-rowed sorts belong. 
Ouchak and many long, thin-grained Eastern barleys are also 
in this sub-species.^ 

The other sub-species or races are : 

Hordeum intermedium (not cultivated anywhere on an 
agricultural scale), and 

Hordeum decipiens, cultivated at present, I believe, only in 
Abyssinia. 

Needless to say a large number of the varieties with 
abnormal forms of spikes are not in general cultivation any- 
where and the majority of them have no agricultural value. 


(d) Varieties of Imported Barleys 

The following list refers barleys of foreign growth, which 
are in common use in this country, to their several botanical 
sub-species and varieties. Except where a note is appended 
giving the source of information, the variety to which the 
barley is referred has been determined by cultivating the 
grain of the several descriptions on small plots at Warminster. 

Chevalier Californian H. distichum^ with some admixture 

of H. vulgar e, vars. pallidum and 
coerulescens. 

Brewing Californian H. vulgar e, vars. pallidum and coerules- 

cens. 

Chevalier Chilian . H. distichum, with some admixture of 

H. vulgare. 


^ The relative length, size and shape of the grain, apart from any other 
feature, does not constitute ‘variation’ in a botanical sense. Like colour 
within certain limits, this feature is constant only so long as climatic and 
other conditions are unchanged. It is quite conceivable, as I have indeed 
been told is the fact, that Ouchak barleys were originally seeded from a 
Chevalier sort. It is certain that when grown for a few generations in 
a colder climate the grain becomes much shorter and plumper. 
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Brewing Chilian 


Mexican 

Argentine 

Morocco, Algeria, 

and Tunis. 

Tripoli (Ouchak 

type). 

Gaza 
Persian . 


Beyrout 


Smyrna (Yerli) 

Ouchak 

Marmora 

Black Sea (Azof, 
Ghenigesk, Bes- 
sarabian, Theo- 
dosian, Tulcia) 
Danubian 

Cyprus , 

Spanish 


H. hemstichum, var. parallduuu ^ and 
H. vulgare, vars. pallidiwi and coeru- 
lescens, 

H. vulgare, vars. pallidum and cocni- 
lescens. 

H. vulgare. 

H. vulgare, vars. pallidum and coeru’ 
lescens. 

H. distichum. 

H. vulgare. 

H. hexastichum, var. pyramidatum; 
H. vulgare, vars. pallidum, nigrum; 
H. distichum, vars. nutans, mcdicum, 
persicum, nigricans. 

H. hexastichum, var. pyramidatum; 
H. vulgare, vars. pallidum and nig- 
rum; H. distichum, vars. nutans, 
nigricans. 

Mostly H. vulgare, var. pallidum, but 
frequently mixed with H. distichum. 

Mostly H. distichum (long-grained) but 
mixed with H. vulgare. 

H. vulgare, var. pallidum. 

H. vulgare, var. pallidum, generally 
with some admixture of H. distichum, 
var. nutans. 

Both H. vulgare and H. distichum, and 
often mixed. 

H. vulgare, var. pallidum. 

H. vulgare, vars. pallidum and coeru- 
lescens. 


Mixtures of two-rowed and six-rowed barleys are, as will 
be seen, common in most foreign barleys. The relative pro- 
portion of each can be approximately ascertained by sepa- 
rating from a sufficient number of grains those in which the 
furrow is straight from those in which it is curved. The 

1 From Professor Adrian J. Brown, School of Birmingham, Birmingham 
University. 
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grains of the lateral rows in six-rowed barley have more or 
less curved furrows, and if the barley is all six-rowed there 
will be twice as many of these as of grains with straight 
furrows. The character of the rachilla cannot be relied on 
to make the separation, because although vulgar e has generally 
a rachilla without hairs, and distichum of the Ouchak sorts 
generally have some hairs, this difference is not at all constant. 

Mixtures of wide - and narrow-eared barley are becoming 
frequent in native-grown barley. Goldthorpes can generally 
be recognized by a bristly rachilla. True Chevaliers have a 
nearly smooth one, but there are specimens of wide -eared 
barley with a smooth rachilla; and many narrow-eared sorts 
have a more or less bristly rachilla. The paleae of the wide- 
eared barleys are less closely adherent, and the colour is 
almost always paler. The grain is larger than that of 
Chevaliers. Threshing machines and drills are frequently 
answerable for intermixture which ought to be avoided, 
especially for seed-corn. 



CHAPTER IV 


THE BARLEY SEED 

Germination, Growth and Migration 

The natural function of a seed of barley within each ft'rain is 
to secure the reproduction of the plant. The seed contains, 
in addition to the embryo or rudimentary plant, a store of 
plant food for its early supply. This reserve contained in 
the endosperm (as distinct from the embryo)- of the seed 
constitutes, in the case of barley, over nine-tenths of its 
entire bulk and consists almost entirely of cells densely 
packed with starch granules. 

There is no correlation between weights of embryo and 
endosperm, and yield does not depend on the weight of the 
embryo. Weights of embryos and/or endosperms arc gener- 
ally subsidiary factors and moreover bear fluctuating relations 
within races. 

Some races of barley have larger endosperms than others 
and are therefore able to provide a greater quantity of 
nutritive material for the development of the young plant. 
The physical and chemical components of the endosperm 
are much more important than size and these fluctuate 
within races with environment. Such characters as these, 
and even the vitality of the embryo, have little relation 
to actual size. Such influence as they have is only on the 
prolificacy of the individual plant and this is only one, and 
often not the most important, racial factor of yield per acre. 
The composition of the endosperm in respect of the ratio of 
nitrogenous to carbohydrate matter, and in other respects, 
is to some extent a genetic character. 

But within the same ® pure race ’ ^ there may be still wider 
fluctuating differences in the seed. Every farmer knows the 
necessity of sowing grain which has been well harvested and 

• race’ is a term used to denote descendants of a single self-fertilized 

individual and does not, as the word ‘pure’ would seem to imply, refer to 
constancy (or purity) of the individuals of the race, or line. 

28 
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which has passed through the resting stage since harvesting 
under conditions which do not impair its germinating power. 

The germination of grain is a biological process and the 
limitations are therefore very great. Organic material is 
never homogeneous — both in the plant and in its ultimate 
product, the seed, there is variation in every direction. The 
process of germination varies very widely with soil conditions ; 
to some extent with different races of barley; to an even 
greater extent with the fluctuating characters of the seed; 
and with the period of sowing. In very many seasons, in 
England, barley germinates more freely if sown in February 
than if sown in April, by which latter period the embryo may 
have passed its period of highest vitality. 

With regard to the respective value of large and of small 
grains of the same race, it is possible that a large grain with 
a dry weight of 50 mg., of which 80 per cent, will be endosperm, 
and containing 6 mg. of proteid matter, is able to provide the 
young plant with more assistance in its early struggle for life 
than a grain of half this weight. Barley grains of the same 
race, as a matter of fact, range in weight between these 
extremes, but I have found that a much smaller range of 
fluctuating variability of weight and composition, such as is 
often due to the conditions under which the grains on the 
parent plants have matured, makes a marked difference to 
the germination and development of the young plant. 

Experiments made at Warminster in 1911 illustrate the 
fact that when young plants of the same ^ pure race ’ of barley 
are in competition for soil space there is marked advantage 
to those grown from grains with large and nitrogenous 
endosperms. The grains used in this particular experiment 
were all from the same ‘pure race’ of Archer barley: all 
originating from a single plant in 1901. 

The table on p. 30 shows that tillering (avg. no. stems per 
plant) in barley is partly dependent on the grain. The grain 
provides nutriment to the young plant for the first few weeks 
of its life up to about the time when tillering may commence. 
A readily available supply of nitrogenous matter from the 
grain is available, and the larger nitrogenous grains produce 
the most tillers when there is equal soil space per plant. 

It will be seen from the table that there was wide variation 
in the weight and composition of the seven parcels of grain 
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Table I. — Averages of 200 Plants, 12 Plants per square foot, 
planted in alternating rows of 12 Plants 



N. 

! per cent, 
of dry 
grains 

1 

Weight 
per 1000 
grains 
(grammes) 

N. 

per 1000 
grains 
(grammes) 

Average no. 
stems 
per plant 
(‘tillering’) 

Al 

1-79 

88-5 

•690 

1-G7 

A2 

1*47 

43-9 

•646 

1-56 

A8 

1-66 

84-2 

•568 

1-53 

A4 

1-51 

34-4 

•518 

1-41 

A5 

1-45 

81-8 

•460 

1-83 

A6 

1-82 

82-8 

•433 

1-40 

A7 

1-40 

230 

•822 

[ 1-19 


used. This range was due to two different sets of conditions. 
The grains for Al, A2, A8, A4 and A5 were taken from 
5 bulks grown in various localities in 1910, but all originating 
from a single plant in 1901. The grains for A6 and A7 
consisted of screenings from A2 and AS. A2, A5 and A7 
were originally part of one parcel, but were separated by 
dividing the parcel into grain of three different weights per 
1,000 grains. 

A row of 12 grains of each parcel was sown in the order 
shown in the table and the seven rows were repeated in the 
same order twenty times. There were therefore 140 rows of 
12 plants each. About 10 per cent, failed to produce mature 
plants. The average number of stems per plant was recorded 
for each row and after ripening the ears of each row were 
weighed separately. 

The ‘probable error ^ of the seven averages, due to irregular- 
ities of the soil and cultivation on this small plot, is not more 
than 2 per cent, of any of the averages, and it is quite obvious 
that, there is a significant correlation between the proteid 
matter in the grains and the number of stems of the re- 
sulting plants. 

It is not, however, to be assumed that differences com- 
parable to this would be obtained in ordinary farming 
practice. A farmer does not sow a given number of grains 
on unit area, but a given weight of grain. If a farmer had 
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been sowing parcels of both Al and AT on different fields at 
the rate of 140 lbs. per acre (the usual ‘seeding’ rate in 
England) there would have been about 340 grains per square 
yard of Al, and 570 grains per square yard of AT. Few 
farmers would use grain as small as this latter sample. At 
harvest it is quite possible, however, that there would be 
approximately the same number of plants on each area. The 
number might be anything between TO to 120 plants per 
square yard, according to the cultivation and the season. 
The remaining grains would either not have germinated or 
would have been crowded out. 

Also under some conditions a greater number of surviving 
plants might outweigh the advantage of stronger individual 
young plants. Whether or not this is so, it is certain that 
the development of the individual plant is very considerably 
affected by merely fluctuating characters of the endosperm 
of the seed within the grain ; and in many sets of conditions 
this might be a determining factor of ultimate productivity. 

This result has also an application to experimental work 
and especially to ‘variety testing’ of cereals, and to some 
methods and conclusions of plant breeders. It may also 
have some bearing on the prevalent opinion amongst growers 
in favour of a ‘change of seed’ and their preference for 
seed-corn from other localities than their own. The per- 
sistence of this practice is some evidence that benefit often 
arises. It is almost inconceivable that it arises from mere 
‘change of air’, or to the latitude and longitude of the source. 
It must be due either to the composition of the true seed 
due to the environment in which it was grown, or to racial 
characters. No other reasons can be assigned with any 
degree of probability. 

The young plant is largely dependent for its early supply 
of nitrogen on the endosperm of the seed, and it follows that 
those plants which are supplied with sufficient nitrogen by 
the parent seed at this stage make the best start. In the 
competition which, subsequently takes place, plants with 
adequate initial nitrogen supply will survive and those with 
inadequate supply will perish. A supply of nitrogen to a 
growing plant is as essential as a supply of moisture. 

I think, notwithstanding some opinions to the contrary, 
that in this country, at any rate, it is generally better practice 
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to sow a given weight per acre of large nitrogenous grains 
rather than of small starchy ones. 

The nitrogen content of the 140 lbs. of seed barley usually 
sown on one acre may be as much as 2*8 lbs. or as little as 
1-6 lbs. The whole of the nitrogen is not available for 
assimilation by the young plant. A considerable proportion 
of it is contained in the aleuron cells and this structure is 
very resistant to the enzymes which degrade the matter into 
assimilable forms. But the nitrogen of the starch-containing 
cells of the endosperm is known to break down quite freely 
into food for the young plant, and the average quantity of 
nitrogen in this form contained in 140 lbs. of seed may be 
somewhere about 1 lb. This is approximately the quantity 
of nitrogen which will be found in the young plants on an 
acre of ground when the first shoots are about two inches in 
length above ground and when the plants are just beginning 
to start tillering’ and to make adventitious roots at the 
bases of the tillers. Some of the nitrogenous matter of the 
endosperm may be washed out, if the soil is wet, before it is 
taken up by the young plant, but from some laboratory 
experiments made I have found that this does not occur 
unless the soil is very wet. It is probably part of the function 
of the aleuron cells forming the circumference of the endo- 
sperm and of a membrane surrounding it (which is the 
remains of the testa of the seed) to retain the soluble proteid 
for the use of the embryo plant. 

I have found that the total nitrogen of young barley plants 
at the period when the adventitious roots are beginning to 
appear (which may be a period of three to four weeks after 
sowing) is frequently less than the nitrogen content of the 
grains from which they grew. 

In England the samples of barley which have the lowest 
nitrogen content are those which are of the highest quality 
for the purpose of malting. It would appear therefore that 
barley which is best for malting in respect of the composition 
of the endosperm is not the best for sowing, but it is not 
difficult in practice to secure comparatively high nitrogen 
in any race of barley. The cultural conditions necessary are 
very thin seeding, say, about 50 lbs. per acre on rich soils. 
The result in respect of quality of grain, even in this case, is 
of course considerably dependent on climatic conditions. In 
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England these cultural conditions almost invariably result in 
a heavy crop of large grain of comparatively high nitrogen 
content, coarse in appearance and of low malting value, but 
subject to good harvesting and storage conditions of higher 
intrinsic value for sowing than barley grown under normal 
conditions with a view to good malting quality. 

The idea that it is desirable to sow grain which has the 
characters associated with good malting quality is probably 
based on the assumption that this quality is transmitted to 
the crop. In so far as the ‘quality’ of the grain is a racial 
character it will be transmitted, but there is no evidence that 
the fluctuating quality due to the environment of the parent 
plants is transmitted. Only the racial or genetic characters 
are persistent, and, in the case of barley (unlike wheat), the 
composition of the endosperm is to a far greater extent 
determined by environmental conditions than by racial 
character, with the result that such differences in the proteid/ 
carbohydrate ratio of the endosperm as are inherited racial 
characters are in practice overwhelmed by the cultural con- 
ditions in any one generation. 

Generally speaking, the barley grower will do best to start 
with a race known to be prolific or a race known to give good 
quality, preferably both ; in fact a barley which is’ suited to 
his average conditions of soil and climate; and then in each 
year to grow for his own use as seed, say, 5 per cent, of his 
total area, under such special conditions as are likely to give 
good seed-barley rather than barley of good malting quality. 
The question of seed testing should be studied by every 
practical farmer. 

If I were growing barley for sowing purposes I should be 
inclined to grow a few acres and endeavour to obtain as large 
a grain as possible. Grain of a ‘pure race’ which is large, 
and even coarse (providing that the coarseness is not a 
character of the race but the result of manuring or thin 
seeding), is preferable to a small grain of the same race for 
this purpose and gives the young plant a better start in 
life. 

Growing six-rowed barley as a forage crop, a coarse nitro- 
genous grain is as good, or better, material for seed as a 
mellow ‘kindly’ grain. 

The function of the primary root system in barley appears 

c 
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to be mainly to provide a transpiration current as part of the 
mechanism of transference of the reserve food material of 
the endosperm to the young plant. 

If a young plant of barley is taken up just about the time 
when branching side shoots begin to appear at the first node, 
it will be noted that the primary root system is tough and 
fibrous and has little soil adhering to it. If the soil conditions 
have been favourable, a few adventitious or secondary roots 
are seen springing from the first node, and these are abun- 
dantly covered with root hairs to which soil particles closely 
adhere. The plant is commencing the second, or vegetative, 
stage. From then onwards the function of the stored nutri- 
ment in the endosperm of the seed, and also of the primary root 
system, diminishes and, given favourable soil conditions, that 
of the secondary root increases: the result is a continuous 
increase in the total weight of dry matter. This increase, if 
external conditions are favourable, goes on in approximately 
arithmetical progression until seed formation is well advanced. 
There appears to be no doubt that this is a critical period 
in the life of the plant, as is the somewhat parallel wean- 
ing time in the life of an animal, and races differ widely in 
behaviour in this period, and also in that of the seedling 
stage. 

When, as under the usual field conditions, there is con- 
siderable overcrowding of the individual plants, a large 
number perish at this stage. With average rate of seeding, 
with about 300 barley seedlings per square yard, approxi- 
mately 100 only survive throughout the vegetative stage to 
produce grain. 

If the grains sown are all of the same ‘ pure race or are 
homozygous in all the characters important td the plant at 
this stage, the conditions which determine the number of 
plants which will survive will be mainly those fluctuating 
endosperm characters already referred to and which have 
given some plants a better start than others. There is no 
evidence which leads to the supposition that the selection 
which takes place will have any effect on the character of the 
aggregates. The case is obviously different if we have an 
aggregate composed of more than one race, such as ‘Scotch 
Common ^ or ‘Old Irish’ barley. 

There is in cifltivated barley a very wide range both of 
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fluctuating and genetic variability in this vegetative or 
accumulative stage. 

The solid matter of the plant is derived from the soil and 
the atmosphere in very unequal proportions. The soil con- 
tributes the whole of the nitrogen and mineral matter, but 
with barley these two together only amount to about 5 or 
6 per cent, of the total dry matter' of the ripe plant. This 
5 or 6 per cent, is, however, absolutely essential to the 
formation of the remaining dry matter of the plant, which 
consists originally of carbohydrate matter, formed mainly in 
the leaves by the combination of elements contained in air 
and water. The absorption of this 5 or 6 per cent, of 
nitrogen and minerals, along with a sufficient amount of soil- 
water and of the elements of water in combination, is the 
work of the root system of each individual plant. 

The total weight of dry matter of the plant may be anything 
up to two tons per acre, and with a combination of prolific 
races and suitable climatic conditions it may be in rare cases 
as much as three tons. 

With regard to the genetic characters affecting accumula- 
tion of food material from the soil and the atmosphere during 
the. vegetative stage of the life of the plant, there are tall and 
dwarf races of many plants and, other characters being equal, 
a priori the tall race will accumulate more dry matter on a 
given area than a dwarf race. There are tall and short races 
of barley and, other things being equal, the tall race might 
be expected to have the higher accumulative power, but a 
tall race of any of the cereals under many climatic conditions, 
and especially those of Great Britain, runs the risk of 
'lodging’. The normal processes of accumulation are im- 
possible if the plants are lying on the ground, and are hindered 
to some extent when the stems are leaning. The races which 
I have found to accumulate the greatest weight of dry matter 
in average seasons are neither the tall nor the very short 
races. 

The length of the growing period is a genetic factor, and 
the races which have the longest growing period consistent 
■with arriving at maturity in seasonable time are generally 
those which make the highest accumulation. 

Some time (varying with the climate) before the grain is 
ripe the plant ceases to gain in weight of solid matter. This 
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is the third and final stage in the life of a cereal plant. A.t 
the same time there is going on a migration of the plastic 
reserve material accumulated in the stems and leaves upwards 
to the endosperm of the seed. The plant is tlien providing 
for the nutrition of its offspring and its last effoi't is to transfer 
its accumulated reserves into the grain, for it is on the 
material accumulated in the endosperm of the seed that 
the young plant of the next generation will mainly live for 
the first two or three weeks of its life, and these are critical 
weeks. Barley is a more efficient starch factory than any 
other species of the Gramineae. This is true even of wild 
barley (H. spontaneuni). They say in Norfolk ‘Barley is a 
gentleman’ — ^meaning that it requires and deserves kind 
treatment. Barley is also a good mother: it stores up to 
start its offspring in hfe a larger proportion of its OAvn 
substance in its endosperms than does any other cereal plant, 
and, I believe, more than any other cultivated plant. It is 
because the barley plant transfers so high a proportion of its 
total weight, in the form of starch, to its endosperm that it is 
the best cereal for brewing. 

The yield of dry grain, as distinct from the total weight of 
the entire plant, depends on the effective transmission of the 
material acctunulated in the leaves and stems of the plant. 
If, owing to any conditions of the plant, external or internal, 
this process partially fails, there cannot be a good yield of 
grain, however thick the plant may be and however favour- 
able may have been the earlier vegetative conditions. There 
may be plenty of straw for cattle, but little grain for the use 
of man. A part of the material which might have added to 
the weight of the grain is left behind in the straw. 

It is no exaggeration to say that this ‘migration’, this 
‘uplift’ of the grain-forming materials from the leaves and 
stems of the plant into the grains of our cereals, is for the 
cultivated races the most portentous of all the processes of 
nature. It is mainly and predominantly on the extent to 
which this ‘uplift’ takes place that plenty, or scarcity, of the 
staple food of man depends. ^ 

To take one season as an example of the disastrous effects of 
adverse conditions on this process, as showing the relation 

1 Some researdi on the subject of the physiology of migration was carried 
out at Rothamsted by Dr. W. E. Brenchley, and the results published (1909). 
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of physiology to practical agriculture : in 1920 in this country 
numberless fields of wheat and barley, especially in the 
Midlands and West of England, which before harvest looked 
very heavy, and which in many cases made more and bigger 
stacks than usual for the same area, gave under-average 
yields of grain per acre. 

In this matter good or bad farming is quite subsidiary. 
A sufficient plant in late spring depends, in this country and 
in most seasons, mainly on fertility of soil and skilful cultiva- 
tion. But this factor of migration, which is the expression 
and the result of the seed-forming energy of the individual 
plants composing the crop and on which yield per acre 
predominantly depends, is for the most part dependent on 
a due balance between sunshine and rain. 

So it is that the farmer, especially if he is something of a 
pessimist, meets the agricultural investigator with the remark: 
^That’s all right, but God’s weather will beat you every 
time’. 

But if the external conditions are the predominant factor, 
the structure of the individual plants has also something to 
do with this process. I have already referred to the root 
system, and I have accumulated enough evidence to demon- 
strate that there is very marked variability as between 
different races in the appearance of the root system and in 
the ratio of weight of root to weight of plant, especially in 
the earher stages of growth- Some of the best yielding races, 
and those which ultimately show in average seasons the best 
ratio of grain to straw, seem to be those which start out in 
life by making during the first six to eight weeks of their life 
more root and less stem than the lower yielding sorts. This 
is a characteristic of the ‘Archer’ type of barley. 

The root system of barley varies genetically in quantitative 
characters in relation to the above-ground structure, but 
these variations are generally so completely masked by 
fluctuating variability as to be difficult of observation. 

There is doubtless as great, or greater, difference in under- 
ground as in above-ground growth under different soil con- 
ditions. It is quite conceivable that with different races 
of barley there may be tendencies to special characteristics 
of under-ground development, and not improbable that 
these may have even more to do with the ultimate quality of 
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the grain than the character of the above-ground vcgctiition. 
This especiall)^ applies to winter sorts, where a eousiclerablc 
root range is reached before much vegetation appears. 

In May 1909 a series of determinations was made on root/ 
plant ratios at the Warminster station on plants of two races 
(Archer and Plumage) at 50-55 days from seeding. The 
results are given in Tables II and III. 

The conclusions which can be derived from these tables are : 
1. With both races there is very wide variability in the 
factors of productivity. 

The rate of seeding was 2*5 bushels ( =140 lbs.) per acre 
and weight per 1,000 grains was 45*86 grammes at 1C per cent, 
moisture ( =38-2 grammes dry matter). 

The number of grains sown was therefore about 1*4 millions 
per acre (=290 per square yard). The number of plants of 
both races surviving to harvest 50-55 days from sowing 
(i.e. mid-May) was 266 on 24 sq. ft. ( = 100 per square yard = 
484,000 per acre), equal to 34*5 per cent, of the grains sown. 
It is fairly certain, however, that the survival rate was less 
than one**third in some cases and more than two-thirds in 
others. The percentage surviving to harvest at, say, 150 days 
from date of sowing would, of course, in this case be less. 

From numeroics reported counts of plants survivi^ng to harvest 
it may be estimated that with average crops yielding 16 cwts. grain 
per acre the number of grains sown is about 300 per square yard 
and the number of plants surviving to harvest between 75 and 
90 per square yard. If this is so, it means that the number of 
plants harvested is only between 25 and 30 per cent, of that of the 
number of grains sown. This fact obviously provides opportunity 
for ^survival ofthefittest\ or of any ^ viability^ factor, 

A yield of 16 grain per acre is equivalent to 0*37 lb, 

( =168 grammes) per square yard. The average number of ears 
per plant with a 1^-cwt crop will he generally less than two under 
normal conditions of cultivation in Great Britain and the average 
number of grains per ear may be anything between 18 and 24, 
and the average about 21, containing 16*0 per cent, water and 
weighing 0*0475 gramme per gram ( =1 gramme per ear). 

As between the two races sown the average plant population 
for 12 sq. yd. counts of each was Archer 10*1 and Plumage 
12*1 (avg. 11*1). For such a small number of cases this 
difference is not significant. It is as hkely as not to be due 
to irregular seeding, which occurs with all drills; and/or to 
soil conditions. 



Table II. — Roots washed out from soil to a depth of 9 inches : 

Archer Plants 


Days from 
sowing 

No. of plants 
per sq. ft. 

Average 
. dry weight 
per plant, 
including root 
(grammes) 

Weight 
dry root 
per cent, 
of plant 


(1) 

(2) 

(S) 

54 

7 

1-67 

14-8 

55 

7 

1-42 

22*6 

50 

8 

0-75 1 

80*5 

54 

8 

106 

22-9 

58 

9 

0-86 

19-9 

55 

9 

0*81 

16-0 

58 

10 

0-84 

223 

54 

10 

0-98 

27-0 

55 

12 

0*81 

14*9 

55 

12 

0*70 

19*0 

55 

18 

0-90 

18*6 

58 

16 

0-68 

28*4 

Averages 10-1 

0-96 

21-8 


Table III. — ^Roots washed out from soil to a depth of 9 inches : 

Plumage Plants 


Days from 
sowing 

No. of plants 
per sq. ft. 

Average 
dry weight 
per plant, 
including root 
(grammes) 

Weight 
dry root 
per cent, 
of plant 


(1) 

( 2 ) 

( 3 ) 

50 

7 

0-71 

14-1 

54 

7 

1 0*71 

9-0 

55 

7 

0-97 

17-2 

55 

7 

1*01 

19-5 

54 . 1 

9 

110 

15-2 

54 

11 

1-06 

12-4 

55 1 

11 

0*74 

15-4 

55 

12 

0*94 

16-8 

55 

14 

0-67 

15-8 

58 

15 

0-47 

18-8 

53 

17 

0-47 

19-8 

58 

28 1 

0*71 

14-8 

Averages 12*1 

0*80 

15-6 


Note. — ^T he number of plants per square foot for both races ranges from 
7 to 28, averaging 11*1. The differences shown in the last column (3) between 
the percentages of root to plant are as definite and consistent as can be 
expected when the difficulty of extracting the roots intact- ficom the soil is 
considered. 
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2. The average dry weight of all the 260 plants is 0*88 
gramme. 

Judging from many other records the probable dry zeeight of the 
plants which survive to harvest would he about 4-0 grammes per 
plant Those which perished from, overcrowding zcoidd generally 
be the smaller plants. In the Wanuirisfer nurserj/ chequer-board 
cultivations the average dry weight of over 300 , ()()() plants at 
harvest was 4-2 grammes per plant 

There is a significant negative correlation (as would be 
expected) between the number of plants per square foot and 
the dry weight per plant. Crowded plants at this stage make 
less growth per plant than those with more soil space per plant. 

The average dry weight of crowded plants was significantly 
less than that of those of the same race with more soil space, 
at the same age and growing in approximately similar en- 
vironment. This is obviously what might be expected. It 
is indeed probable that the negative correlation between soil 
space and weight per plant would be very high cither in a 
much larger sample, or under precisely similar environment, 
which is not attainable in any field for any two square feet 
of soil, however nearly adjacent, 

3. There was no correlation between number of plants per 
square foot and the root/plant ratio. The average ratio was 
approximately the same with 7 to 9 plants per square foot as 
with 10 to 16. But here again the sample was much too 
small for any conclusion as to what would have been the case 
with a much larger sample. 

Assuming the square-foot areas of the races to be adjacent 
and similar in soil character, then it appears that high root/ 
plant ratios of Archer are probably associated with low 
root /plant ratios of Plumage; but that with low root /plant 
ratios of Archer there is as often as not about equal, root /plant 
ratios of Plumage. 

With both Ajccher and Plumage there is no significant 
correlation between dry weight per plant and root/plant 
ratio. Low weight plants (i.e. those with few tiUers) have 
about as high a root/plant ratio as higher weight plants, 
indicating that root and shoot develop pari passu in both 
of these races, the extent of both depending on extrinsic 
(environmental) conditions. 

With regard to the stems and leaves of the plant, the most 
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superficial observation shows that there is very wide vari- 
ability as between races. There are wide genetic differences 
in the character of the foliage and in the ratio of leaf to stem 
but, as far as I know, there is no evidence that the total 
accumulation is related to these differences. Stems are short 
or long, thick or thin, tough or brittle in the neck, and as a 
consequence in some cases maintain a much more upright 
growth than others. There must be some connection between 
liabihty of a crop to ‘lodge’ and the inherited structure of 
both the root and the stem. When the plant gets to the 
stage of transferring its accumulative reserves into the seed, 
manifestly the structure of the stem is of the first importance. 
This migration has to go on through certain vessels specially 
adapted to the process which carry up the material in a fluid 
or semi-fluid form. It can only go on whilst the plant as a 
whole is alive, and the life of cereal plants is dependent on at 
least some absorption of water by the roots for the main- 
tenance of what is Icnown as the ‘transpiration current’. It 
is quite clear that this process is interfered with if the in- 
dividual stems before they are fully ripe are either ‘lodged’, 
or bent at the nodes, or neck-bent. 

It seems probable that races with short and stiff stems, 
well anchored to the soil by strong and vigorous roots, should 
have the best ‘ migration coefficient ’ and, other essentials being 
equal, should give the highest produce of grain. 

With regard to the structure of the stem and its vessels, I 
well remember listening to Mr. John Garton lecturing at 
Salisbury, some time in the early nineties, when he and the 
great seed firm with which he was associated were giving a 
lead in the application of cross-fertilization to cereal breeding 
in this country. Some of the most striking of Mr. Garton’s 
magnificent enlarged micro-photographs, illustrating the 
structure of cereal plants, were those which showed the 
variations which occurred iii the arrangement of the vessels 
of the stem, and there is no doubt that these are inherited 
characters. ^ 

1 The relations between the vascular system and the habit of growth of 
different races of barley have not been investigated: such an investigation 
might lead to useful results. Some races, such as those of the H. hexasUchum 
sub-species, which are winter-hardy in this country, have vascular systems 
which are distinctly different from those of races of H. distichum, and 
they have perhaps in consequence a much more erect habit, and this is an 
important economic factor. 
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Remembering that practically all the material whicli goes 
to make the seed is first of all built up in the leaves of the 
plant it is obvious that the structure o[ the leaves is as 
important, if not more so, as that of any other part, of the 
plant. No systematic attempts have been made to relate 
leaf structure to yield, or even to the procc'ss of migration. 
This, however, obviously is a fruitful subject for resc^arch. 

There are nearly always the same number of leaves on each 
stem, but the size of the indmdual leaves, and ])robabIy 
therefore their individual capacity to elaborate material to 
be ultimately transferred to the grain, is very variable as 
between different races. The longest leaves arc generally 
borne by those races which have the thickest and shortest 
stems. In my experience, although these races arc not 
always the best Hillerers they make up for this by producing 
heavier ears and larger grain. The shape of the leaves in 
respect of relative length and width is subject to considerable 
variation both genetic and fluctuating. There is very little 
data available on which to base conclusions as to relative 
values of such factors as much or little leaf structure, for 
economic purposes. 

The filling up of the grain, which is only effected by good 
migration, depends on the health of the plant being main- 
tained. 

Evidently all the structures of the plant and the conditions 
of its hfe will affect the migration of the reserve material into 
the seed. For maximum migration the requirements arc an 
effective root system, an effective set of vessels in the stem 
and comparative immunity from disease. If either condition 
is lacking the plant fails in making its final effort. The ratio 
of grain to straw, expressed for convenience as the ‘ migration 
coefficient is the measure of its success- 

When cereal crops are grown for grain the value of the 
straw is inconsiderable compared with that of the grain, and 
this applies to barley more than to wheat or oats. 

In some countries, e.g. some parts of Australia, New 
Zealand and California, where barley is grown as a hay crop, 
and even in some parts of England, viz., in some of the corn 
and sheep districts where barley is grown for green fodder, the 
migratory stage, if reached at all, is relatively unimportant. 

The ratio of vegetative to seed-forming energy is another 
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important point. Excess in one direction may mean relative 
failure in the other. A high ratio of vegetative to seed- 
forming energy, causing over-development of the paleae, 
almost invariably results in a coarse and steely grain 
with a high nitrogen content. The paleae (husks) are no 
part of the seed proper. They are leafy structures provided 
with stomata, and doing part of the work (perhaps in the 
later stages a relatively considerable part of the work) of 
assimilation. But the paleae limit, or at any rate condition 
to some extent, the development of the seed. The starch- 
containing cells of the endosperm multiply and develop from 
the centre outwards and they mature in the same order. 
This is shown by sections of ripe and unripe barley. The 
white mealy zone extends from the centre outwards. The 
pericarp of the caryopsis and the paleae adhering to it, 
as well as the testa of the seed, are already complete in 
structure before this stage begins. There is therefore great 
pressure from within outwards. This is why the pericarp 
and testa collapse into mere membranes hardly recognizable 
in the ripe seed, and is probably why they become attached 
(except in the naked forms) to the paleae. But the paleae 
are much more resistant than the pericarp and testa of the 
grain. They do not collapse as do the inner envelopes and 
so the stronger and tougher the paleae the less they accom- 
modate themselves to the growth of the endosperm. 



CHAl^TER V 


PEDIGREE SEED-CORN 

Effects of Natural Selection 

Formerly a considerable proportion of the seed-corn used in 
the United Kingdom consisted of mixtures of nian}^ varieties. 
In some parts of the country these mixtures resulted in 
aggregates of more or less well marked types, such as ‘ Scotch 
Common’, a hardy barley with a short-growing period, grown 
north of the Tay (generally grown to-day in N.E. counties 
of Scotland); and ‘Old Irish’, grown in some parts of Ireland 
in small quantities (now principally in Wexford) and in some 
outlying Welsh districts. Such similarity as these local 
mixtures presented was doubtless the result of the exchange 
of seed-corn being .generally limited to the district, or to 
prolonged cultivation under approximately similar conditions. 
In other words, these aggregates became what they were 
mainly by the action of natural selection. We may call them 
‘local varieties’, at the same time remembering that the term 
‘variety’ has no precis^ definition. Barley of this class is 
known in Germany as ‘Landgerste’ (i.e. the barley of the 
land) in contradistinction to ‘ Chevalier gerste ’, ‘ Goldthorpe 
gerste’, etc., for varieties of which the origin is known and 
the characters well defined. 

Local varieties have been replaced in the large corn-growing 
districts by a large number of distinct varieties and more or 
less ‘pure lines’ of each of the cereals, differing from the 
former in that the individual plants composing the several 
aggregates are much more uniform. There is, of course, a 
constant tendency for these stocks to get mixed. At the 
same time, it must be admitted that some of them differ from 
others in little more than name. Most of the distinct varieties 
and ‘pure races’ of the cereals at present in cultivation are 
the progeny of either single plants selected originally from 
local varieties or mixed races, with or without resort to 
artificial crossing. The method of raising a stock from a 
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selected indi^ddual plant (of a species which is normally self- 
fertilized), without artificial crossing, gives rise to a ‘pure 
race’, the individuals of which (apart from such accidental 
mixture as is ine\dtable, or from ‘sporting’, which is very 
infrequent with cereals under normal conditions) differ only 
in consequence of the effects of external conditions, which do 
not affect the racial character of the stock. 

A plant, or plants, selected from the progeny resulting from 
a cross may or may not give rise to a uniform ‘pure race’, 
according as the plants selected are or are not homogeneous 
in respect of every structure of the plant in which there was 
dissimilarity in the original parents, or, stated more simply, 
are ‘fixed’ in respect of all characters. 

There is no advantage from the point of view of growers in 
putting into cultivation new races unless they are superior 
to old races, and from the point of view of millers, maltsters 
and other grain consumers, multiplication of sorts is a dis- 
advantage. There are certain well-established standards of 
quality associated with existing varieties or races, and undue 
multiplication leads to confusion. In the interests of both 
growers and consumers, the existing races best suited to the 
different localities and soils should be adhered to until 
superior ones are discovered. 

That there are very substantial differences in average yield 
as between existing races of cereals in particular localities is 
well established. In any particular locality, and for the 
same type of soil, a jury of growers would probably give 
a unanimous verdict that certain named races were in 
average seasons better yielders than others. 

There is less unanimity with regard to the average quality 
of the grain of different races, because in the valtiation of 
this the knowledge, or even perhaps in some cases the 
prejudice, of the consumer comes in to complicate matters. 
Modified processes of manufacture also lead from time to time 
to altered values being put upon different grain characters. 

The subject of the adaptation of certain races to the 
climate and soil of a particular locahty is of very great 
interest. It is also very complex, and our knowledge 
on the subject is almost wholly empirical. A grower has 
frequently no a priori knowledge to indicate whether any 
new race well spoken of in some other district is likely to 
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give good results on his land. Definite evidence is needed of 
the suitability of varieties and races to locations and soils, 
and in this connection the cumulative effect of natural 
selection in modifying the racial character of the cereals must 
be taken into account. 

In some cases experience has led to a fairly definite con- 
clusion that some existing varieties or races of each of the 
cereals are, and some are not, adapted to particular soils 
and localities. Spratt, one of the oldest kinds of iDarlcy in 
cultivation in Britain, is a typical case of the adaptation of 
variety to a particular type of soil. It has a stiffer straw 
than most British barleys and gives very hcav>^ yields on 
rich loamy soils, often more than compensating for the usual 
low quality of the grain. Whilst it was grown successfully in 
the Fens (and still is to a certain extent) it has been femnd 
to be out of place on soils well adapted to grow good malting 
barleys. Similar cases with other cereals arc known to every 
corn grower. 

This accumulated experience, however, takes a long time 
to gain. Moreover, with the introduction of systematic 
methods of hybridization there is proceeding considerable 
increase in the number of races of cereals. However good in 
various respects as to special characters these new sorts may 
be, they are unlikely to be profitable unless it can be definitely 
established that they yield as well as, or better than, older 
sorts. 

The climatic conditions of districts vary so greatly from 
year to year that one or two years’ experience is useless. 
For instance, Goldthorpe barley was a success for some years 
in North and East Norfolk, but in . one dry season some years 
ago there was a widespread loss of crop owing to ears breaking 
off — ^the common failing of many wide-eared sorts. On the 
other hand, this class of barley did well in Shropshire, in 
Scotland, and in Yorkshire. Much better comparisons can 
be made of both yield and quality between distinct varieties 
and pure races ’ than between aggregates of fluctuating 
composition. 

A large number of ^variety tests’ of cereals have hitherto 
been carried out by public bodies in various parts of England, 
but they have generally been too isolated and not prolonged 
enough to be of practical value to the growers. In other 



Pcdigjxe Seed'Corn: Effects of Natural Selection 47 

countries, notably in Denmark and in Ireland, very exhaustive 
and efficiently organized trials of barley have been in operation 
— ^for about fifty-five years in Denmark and forty years in 
Ireland. The marked improvement in barley yields in 
Ireland from this period is an example of success due to these 
systematic yield trials. In this country, since 1926, the 
National Institute of Agricultural Botany has tested by 
systematic and repeated trials in six different corn-growing 
areas, at Cambridge and at five sub-stations, the relative merits 
of different races of farm plants. These trials have demon- 
strated conclusively that there are very wide differences in 
farming value, due either to yield or quality, or both, as 
between different races of the same species of cereals grown 
under identical conditions, and no doubt the same applies to 
other farm plants. As years go on and a very large number 
of comparisons are available, each, owing to the method of 
trial, known to have a negligible experimental error, it will 
be safe to make definite pronouncements. Some few have 
been made already in the Annual Reports of the National 
Institute of Agricultural Botany, and there is conclusive 
evidence — at any rate with regard to barley — ^that some new 
races wdiich have done well in the Institute’s trials have 
proved also to be valuable additions to the farm plants of the 
country. 

The late Mr. J. B. Gill, the enterprising secretary of the 
Essex Farmers’ County Union, co-operating with the above 
Institute, collected records from farmers for the years 1926-29 
of different races of the cereal crops harvested, in each 
parish, in that county. The figures were examined and 
arranged by the staff of the National Institute of Agricultural 
Botany and the results published. ^ If this scheme could be 
revived and further extended to other counties it would 
form the basis of a body of statistics which could be usefully 
interpreted, and prove no doubt to be of as much value to 
corn growers as milking records have been to dairy farmers. 

In this connexion I would refer my readers to an old 
Bulletin of the Experimental Station of the State of Indiana, 
showdng that as long ago as 1905 an extraordinarily good 
system was elaborated whereby in different areas of the 
State there were distributed to a large number of farmers 
1 JrZ. Nat Inst, AgrL Botany, vol. ii, pp. 142 and 232; and vol. iii, p. 286. 
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four or five different varieties of maize year after year. From 
the results obtained from the growing of these varieties a 
mass of statistics was collected, the interpretation of which 
was of great benefit to the farmers of the State. A description 
of this method and the tabulation of some of the results 
obtained will be found in a paper entitled ‘Pedigree Seed 
Corn^ (1909). 

Change of Seed 

There are endless differences of opinion as to the advantage 
of ‘ change of seed that is of seeding a given race in a different 
soil or climate from that in which it vras grown. 

In the absence of any very definite evidence on this point 
it is difficult to form a judgement. A general principle would 
appear to be that, so far as robustness of vegetation is con- 
cerned, when the soil and climatic conditions are better than 
those in which the seed was reared an improvement may be 
expected. So that it would seem desirable, where this is the 
result desired, to transport seed from a cold to a warmer 
climate, and from poor soils to superior ones, rather than 
the reverse. 

Mixed Seeding 

There is a good deal to be said in favour of sowing 
‘mixtures/. 

In 1909, in the Agricultural Gazette ^ there appeared some 
interesting references to the sowing of ‘mixed wheats’. One 
writer adduces the results of practical experience in favour 
of the practice, and justly gives as the reason in its favour 
that ‘all varieties have naturally different requirements’, and 
that a mixture has the advantage of ‘ utilizing more thoroughly 
the resources of the soil’. Professor Wrightson commenting 
on this agreed on general grounds, specifically mentioning a 
mixture of ‘Lincoln Red’ and ‘ Squarehead’s Master’. Both 
authorities, however, infer that the mixtures should be 
designed and not merely accidental, and the isolation of 
distinct varieties and some knowledge of their several habits 
is therefore postulated. 

Mixing varieties and even species of the cereals is very 
anci^t agricultural practice all over the world. In many 
Gazette^ November 1, 1909, p. 418; ibid,^ November 22, 1909, 
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parts of India nearly all the grain crops to this day consist 
of mixed species of cereals. 

Very many of our best-known agricultural ancestors be- 
lieved in mixtures. Thorold Rogers (1866-1902) finds fre- 
quent reference in the bailiffs’ accounts to ‘ drage ’ and ‘ drage 
malt’ in Manor Rolls of the thirteenth century and onwards. 
‘Drage’ was evidently a very commonly grown crop, and 
although Rogers considered it to be an inferior kind of 
barley, it is certain that it was really the same mixture of 
barley and oats which is still called ‘ dredge ’ corn in the south 
and west of England. I think there is no doubt that under 
equal cultural conditions this mixture produces heavier 
yields of both grain and straw than either barley or oats 
grown separately. 

On the subject of mixing different varieties of wheat, more 
than two hundred years ago Lisle, in his Observations, wrote; 
‘Mr. Johnson of Bedfordshire, of whose judgement I have a 
great opinion . . . was (under certain conditions) inclined 
to sow great wheat and red-straw-wheat mixed, that the 
former might help to support the latter from lodging and 
falling’. And Lisle adds; ‘I have known great wheat and 
red-straw-wheat often sowed in the north in good land, for 
the same reason’ (pp. 151-152). 

John Wilson (1859) records the case of an experiment with 
wheat carried out by M. Lucien Bousseau of Angerville. 
Fifteen different varieties were sown alongside, and on a 
sixteenth plot was sown a mixture of all the .fifteen sorts in 
equal proportions. This plot, he says, gave a much higher 
yield than either of the others. Vilinorin’s comment on this 
result (and there was no better authority) was that such a 
result may be expected if care is taken in the original selection 
of the varieties to be mixed. This, of course, involves 
breeding ‘pure lines’, just as it is necessary to maintain the 
thoroughbred horse and the breeds of sheep which give the 
best results with cross-breeding. 

Wheat and’ rye were often sown together and bread was 
made from the flour, called ‘Maslin’ or ‘Meshn’. There are 
few crops of this in England now, but it is still grown to some 
extent in Germany and Canada. 

There seems no doubt that mixtures of different species 
very frequently yield a greater total produce on a given area 

n 



50 Barley: Fifty Years of Observation and Expcrimeni 

than would either of the species alone. The same may hold 
good of mixed varieties or races of any one species wlion 
compared with seed of a "'pure race’, unless the latter has 
been bred wdth special reference to the average external 
conditions of the locality. 

There is, however, a great difference between (1) a designed 
mixture of varieties, and (2) the aggregate which results cither 

(а) from natural selection in a district where ‘pure races’ 
have not been introduced (e.g. Scotch Common barley), or 

(б) from indiscriminate mixtures of ‘pure races’. 

A good deal of the seed-corn used in some parts of England 
hitherto was of the latter class, and this state of things comes 
about more particularly in districts where one 'type’ of 
^ barley is found to be generally suitable, but where this type 
is represented by a number of distinct races which, possessing 
different racial characters affecting prolificacy, yet closely 
resemble each other in appearance, sometimes when observed 
as plants, and even more frequently when observed only as 
grain. For instance, the barley grown in Yorkshire was 
formerly nearly all of the wide-eared type, but this type 
is represented by at least half a dozen well-known races, 
some (Goldthorpe for one) known to be raised from single 
self-fertilized plants; others (like Standwell) resulting from 
cross-fertilization in the first instance. There is very little 
doubt that a considerable proportion of the sced-barlcy 
formerly used in Yorkshire was a mixture of these different, 
though externally similar races. 

Chevalier and Archer barleys were frequently found mixed, 
although in this case there is a distinct structural difference 
in the grain (to say nothing of the generally obvious difference 
in the straw) which entitles the two sorts to be classed as two 
distinct varieties. This particular mixture was not likely 
to give good results in most seasons. Archer has about a 
week longer growing period than Chevalier, and even ripening 
is of great importance with barley. 


Effects of Natural Selection 

It is interesting to consider what happens when mixtures 
of different races are sown, and seed-corn taken in successive 
years from the previous crop. 
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It is evident that the character of the resulting aggregate 
after some years depends mainly on such natural selection as 
goes on in the field. The effects of natural selection on the 
racial character of our cereals is worthy of more attention 
than it has hitherto received. 

Let it be assumed that only one of four grains sown re- 
produces grain. This will be the case with barley if the crop 
of grain is twelve and a half times the quantity of grain sown, 
and if the average number of grains on each plant producing 
grain is fifty; a sufficiently near approximation to average 
field results. 

Let it be further assumed by way of example that there is 
sown a mixture composed of 25 per cent, each of four distinct 
races, A, B, C, D, and that the resulting crop shows the above 
ratio of crop to ‘seed’, viz., 12-5 : 1. 

The four races will certainly differ in cropping capacity. 
If planted separately it is probable that the extreme difference 
in weight of grain on equal areas would not be more than 10 
per cent., but with very severe competition involved in the 
obliteration of three out of four grains or plants at some stage 
between sowing and harvesting, and taking into account the 
inevitable differences in adaptation of the several races to the 
conditions of soil, climate and cultivation, it might well hap- 
pen that the ratios of grain harvested to grains sown might 
be A, 5 : 1 ; B, 10 ; 1 ; C, 15 : 1 ; D, 20 : 1 ; giving 12'5 : 1 as an 
average. If the average number of grains produced by each 
surviving plant is fifty, a ratio of even 20 : 1 for the most 
vigorous race means that more than half the grains, or plants, 
of even this race have failed at some stage. 

If the grain is taken from the resulting aggregate and 
resown, and the process continues under the same conditions 
and with the same ratio of reproduction for each race in each 
year, a simple calculation shows that in three years A, instead 
of forming 25 per cent, of the crop, will be represented by 
less than 1 per cent. In six years B also will be reduced to 
below 1 per cent, of the whole, and whilst A may remain to 
the extent of only about five plants per acre, C will survive 
considerably longer. At the end of fifteen years the total of 
A, B and C together will be less than 1 per cent, of the crop, 
A and B being then almost obliterated. The crop will be 
practically a ‘pure race’ of D. 
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Even if the ratios of reproduction of different races are only 
slightly different, the same result will occur if the ratios arc 
steadily maintained, and sufficient time elapses. 

Suppose, for instance, the average ratios of grains pro- 
duced to grains sown be A, 12 : 1 ; B. 13 : 1 ; A and B. 
forming equal proportions of the aggregate at the start, and 
the produce be sown year after year; in twenty years the 
aggregate will be five of B to one of A; in fifty years there 
would be fifty-five of B to one of A; and in a hundred years 
3,000 of B to one of A — practically a ‘pure race’ of B. 

Needless to say the constant external conditions above 
postulated are never actually maintained, and therefore the 
conditions of different years are favourable to different races. 
Notwithstanding this a consideration of such purely hypo- 
thetical cases as the above leads to the conclusion that, 
whilst in some cases quite rapid changes in the racial character 
of aggregates occur, in other cases fairly uniform varieties 
may have arisen in course of time from mixed types. 

For instance, Chevalier barley as we have it now is 
probably all descended from the ‘few ears’ (to use 
Chevallier’s own words) from which it was originally raised in 
1823. We know nothing about the ancestry of these few 
ears, but it seems extremely probable that the present 
uniformity of all the differently named Chevaliers now in 
cultivation is largely a consequence of natural selection. 
There have been from time to time many re-selections, but 
the progeny of these are all very much alike in racial 
characters. It is practically impossible to distinguish these 
different selections when they are growing together, and 
the prolonged series of Danish experiments (referred to 
in Chapter XI) failed to show any appreciable difference 
between several of them in either yield or quality of 
grain. 

This is not, of course, to say that repeated ‘pedigreeing’ 
of a good race is not desirable. It is indeed obviously 
necessary if the racial character is to be maintained against 
the operation of all the factors which make for divergence 
from the original type. 

It has been fairly well proved by Johannsen that main- 
tenance of established characters is all that can be effected by 
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reselection within an absolutely pure race of self-fertilizing 
cereals, and that increased productiveness is not obtainable 
by selecting the most productive individuals. This is, of 
course, a statement in a special case of the apphcation of the 
doctrine which has now been very generally accepted, that 
characters acquired by the individual from effects of en- 
vironment only are not inherited. This doctrine as a general 
formula is still in dispute, but such knowledge as we have 
is in favour of its application in the case of self-fertilizing 
cereals. 

Evidence in this connection is afforded by the history of 
Major Hallett’s ‘pedigree’ races. In the case of his pedigree 
barley the most prolific plant was selected year after year for 
a great number of years, and formed the starting-point of a 
‘pure race’. The very desirable effect has been produced of 
maintaining absolute uniformity, and there is no evidence, 
so far as I am aware, that the progeny of the later selections 
differs from that of the earlier either in respect of the 
characters of the grain, or of prolificacy, or of any other racial 
character. 

We may now briefly consider the effects likely to be pro- 
duced by natural selection in the case of mixed races, ‘pure 
races and hybrid races .of cereals respectively. 

Take first the case of a mixed race introduced into and 
grown for several years in a particular locahty and under 
approximately similar conditions from year to year without 
further admixture. One or more of the types of which the 
aggregate is composed will probably be better suited than the 
others and survive under the average conditions, and, with 
three out of the four of the grains sown in each year failing 
to reproduce grain, there may accrue a considerable difference 
in the character of the aggregate even mthin a few years, 
whilst after several years the aggregate may be of quite a 
different racial character from the original bulk. The general 
tendency, however, would be towards homogeneity, in 
consequence of some types disappearing. 

• Let a stock of this modified aggregate be transferred to 
another district with quite different soil, climatic and cultural 
conditions; then if there is left out of consideration for the 
moment the immediate effect due directly to change of 
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locality, the particular race or races which have best survived 
the previous conditions, and which make up tlie greater part 
of the aggregate, may or may not be better suited to the new 
conditions than some which have nearly died out. So after 
a few years the new conditions may remould the racial 
characters of the aggregate either in the direction of greater 
homogeneity, or at first (if only the smaller proportion of the 
aggregate is that best suited to the new conditions) towards 
greater heterogeneity. Ultimately, however, the tendency 
will be again towards a more or less homogeneous aggregate, 
differing, however, probably in general character both from 
the original and from the transferred aggregates. All this 
agrees with the observed fact that a ‘change of seed’ some- 
times gives good results at once, sometimes after a year or 
two, and sometimes not at all. 

Consider now the case of a ‘ pure race ’ — ^the progeny of an 
individual plant — ^introduced into cultivation in a particular 
locality. So long as this stock is kept free from admixture 
and neglecting ‘sports’, and also accidental cross-fertilization, 
both of which are very rare with wheat, barley and oats, the 
aggregate will remain homogeneous. Yield and quality will 
of course vary from year to year, but such crowding out of 
individuals as takes place will not affect the racial characters, 
and it is obvious that if these are constant the question 
whether this particular race is suited to the average conditions 
of a locality can comparatively soon be determined by com- 
parison with other varieties and races in cultivation under the 
same external conditions. 

Transferred to another environment the uniformity will be 
maintained, although the comparative yield and quality may 
be altered. 

Now suppose some of this ‘pure race’ to be taken back and 
seeded in its original habitat, will the quality and yield be 
different from that obtained from seed of the sarr^e ‘ pure race ’ 
which has been grown there continuously ? 

A series of experiments bearing on this point were made by 
the United States Department of Agriculture many years ago, 
and the results were given by Dr. Le Clerc, of the Bureau 
of Vegetable Physiology, at Washington, in a paper to the 
British Association. The American results deal with the 
characters of the grain only. They showed that no difference 
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in quality was traceable to what may be called ^previous 
place effects That is to say, that a series of plots arranged 
side by side, seeded with grain all of the same original race, 
gave crops of similar quality, notwithstanding that the grain 
for each plot was grown the previous year in widely different 
localities, and was of widely different quality in consequence. 
The ‘quality’ of the grain (so far as it was due to ‘place 
effects’) was not transmitted. Only the ‘racial’ characters 
were transmitted to the crop, and these were the same with 
the same race wherever the grain used was grown. It would 
be generally agreed that this accords with the general ex- 
perience that within a particular race ‘ quality ’ is determined 
by the immediate external conditions. I have made a series 
of similar experiments on a nursery scale at Warminster and 
my results confirm the above with regard to quality. 

With regard to ‘yield’, however, I have consistently in 
three following years found with one particular ‘pure race’ 
of barley (and there seems no reason why this should not 
apply to any other race) significant differences in yield of 
grain due to the environment in which the grain which was 
used was grown the previous year. For instance, with the 
particular ‘pure race’ referred to (raised from a single plant 
in my nursery at Warminster in 1902), the resulting crop 
was heavier after the grain sown had been transferred to 
and grown on a strong clay loam, than after it had been 
grown on a poor chalk marl, when both were brought back 
to the original soil and grown alongside under precisely 
similar conditions. The explanation of difference in yield in 
one generation after a change of locality, as between two 
parcels of the same original race, can apparently only be put 
down to the fact that the grain itself brings with it something 
due to the soil or climate in which it was grown, which is 
useful to the young plant during the earlier period when it 
depends for nutrition on its own endosperm content. In the 
following year, when the progeny of both parcels of grain 
were resown I found no significant difference of yield, and 
there was of course no evidence that the racial character had 
been changed by the effects of environment. This instance 
is only of interest in this particular connection as illustrating 
one of the precautions necessary with reference to changes of 
locality when making ‘variety tests’ of yield. It may be 
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noted also, however, in passing, that effects of 'change of 
seed’, well recognized in all ages in a vague and general 
way to be of great importance, call for more systematic 
study. ^ 

It is certain that with mixed races change of locality may 
lead to a complete alteration of the racial character of the 
aggregate. On the other hand it may possibly give a result 
the first year after transference, consisting merely of physical 
differences in the grain not affecting racial character, which 
is probably the only result to be expected in the case of a 
'pure race’. 

It is doubtful at present whether wc can be quite certain 
that any single plant selected from the progeny resulting from 
cross-fertilization, as the starting-point for a new race, will 
give us a 'pure race’ which is constant in the same sense as 
when there has been no crossing. Even if the Mendelian 
hypothesis of unit characters is fully accepted, there are 
evidently so large a number of characters which may be 
genetically different, to a greater or lesser extent, in the 
original pair of parent plants, that some amount of ' splitting ’, 
especially in the characters which are not obvious, or which 
normally fluctuate widely with environment, may go on 
but pass unnoticed. If, however, genetic, as distinct from 
fluctuating, variations do take place, these will, as the result 
of crowding out, be either established or eliminated in the 
aggregate in the course of time, according as the conditions 
are favourable or not to the survival of the individual plants 
in which they occur. 

On the whole it seems probable that with aggregates re- 
sulting from the progeny of hybrids there will be more risk 
of alteration of type through the action of natural selec- 
tion, than with absolutely 'pure races’ started from single 
individuals which have not resulted from previous crossing. 

The conclusion, and this is well confirmed by general 
experience, is that, whatever the origin of any race of cereals, 
repeated artificial selection is necessary to maintain its 
uniformity. Purely natural selection does not, in the case 
of mixed races of cereals, necessarily, or indeed probably, 

^ Lisle referring to this subject said that ‘ the changing of all seed whatsoever 
is of as much use as half iJie dung suh^cient for a cxop\— Observations in 
Husbandry^ 1757, p. 83. 
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bring about increased rate of grain production, or even lead 
to a maintenance of the rate. 

The plants which survive in every field of mixed races of 
com are not necessarily those of the most prolific (that is, 
abundant seed-bearing) race. We grow our cereal crops 
mainly with the object of producing grain rather than straw, 
but the competition between crowded plants is mainly in the 
vegetative stage, and it is not, either with the cereals or with 
most other species of plants, the good seed-bearers which are 
inevitably the most vigorous and the most likely to survive 
in the vegetative stages. 

A series of experiments in the barley nursery at Warminster 
illustrates this point. 

In 1906 grains from four ‘pure races’ of barley grown in 
the nursery for several previous years were taken. Three of 
these races were wide-eared forms of the Goldthorpe type, 
and the other was one of a Danish Prentice (i.e., Archer) 
barley, called ‘Tystofte’. 

Alternate rows of each of the four races were repeated 
thirty times. Rows were at equal distances apart and the 
plants equal distances asunder, giving each plant equal 
soil space. Each of the rows was weighed up separately at 
harvest. The ‘wide-eared’ race which adjoined ‘Tystofte’ in 
each group gave a higher average grain produce per row by 
nearly 50 per cent, than ‘Tystofte’. Mr. Gosset (‘Student’) 
kindly examined statistically the figures for the weights of 
the grain in each row, and found that the probability, taking 
into account the ‘standard deviation’ of individual rows from 
the mean, was enormously in favour of the ‘wide-eared’ being 
more prolific under the conditions than ‘Tystofte’, assuming 
that there was no ‘interference’ of the one sort prejudicial 
to the other. Mr. Gosset’s examination of the figures for all 
the four races showed, however, that there was abundant 
evidence of ‘interference’, and on his suggestion in the follow- 
ing year these two races were grown, not in alternate rows, 
but in alternate plots repeated twenty times. The yield of 
‘Tystofte’ was 10 per cent, better on the average than that 
of the ‘wide-eared’ and the odds, taking each plot separately 
into account, under these conditions, were very greatly in 
favour of ‘Tystofte’. 

The multiplied nursery plot experiment was repeated in 
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1909 with substantially the same result, and fiehl trials also 
gave confirmatory results. 

The explanation of the apparently contradictory result as 
between alternate-row and alternate-plot planting in this ease 
is both obvious and instructive, as bearing on the operation 
of natural selection in cases of mixed seeding. The effect 
evidently was to crowd down the race which, when sown 
unmixed, was the most prolific. ‘Tystofte’ has about a week 
longer growing period in an average season than the ‘wide- 
eared’, but is also four to six inches shorter in the straw. 
There is no doubt that iir this case there Avas croAvding 
doAvn of the sloAver groAAung and ripening race by the taller 
strawed, quicker groAving (though normally less productive) 
race, which OA'ertopped and shaded the other in the grain- 
forming stage. 

There is, in fact, afforded an illustration in respect of 
varieties of Avhat Avould be generally accepted Avith regard to 
the effect of natural selection in the case of species, A'iz., that 
in a population of mixed species of different habits it Avill not 
necessarily folloAv that the species Avhich reproduces most 
abundantly when living apart will survive under conditions 
of free competition with other species. 

The foregoing illustrations seem to warrant the proposition 
that, in order to determine an ‘order of merit’ of anything 
more than a quite temporary value as between aggregates of 
seed-com, comparison must be made betAveen at least approxi- 
mately ‘pure races’. Aggregates of fluctuating composition 
are in a state of unstable equilibrium and comparisons 
between them give no results of general utility. 

The whole problem of mixed versus pure' races of cereals 
is very much on a par with the same problem in respect of 
farm live stock. 

Pedigree stock is best if the average external conditions of 
the locality are more favourable to the particular race than 
to. others, but except under these conditions may easily be 
less profitable than an aggregate made up of mixed breeds. 

Pedigree gives to the grower and the breeder alike the 
quality of the produce which they require to the extent that 
this is determined by raeial characters. Whether or not it 
gives vigour of constitution and productiAdty depends on 
suitability of the ‘ breed ’ to the conditions. 
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In both cases, however, without ‘ pure races ’ in which the 
racial characters are constant, and which can therefore be 
systematically compared, we are groping in the dark in 
endeavouring to obtain better adaptation of races to different 
sets of average external conditions. 



CHAPTER VI 


FERTILIZATION 

With most of our agricultural plants the pollen of one flowei 
frequently fertilizes the other flowers of the same plant, oi 
of another adjacent plant. Only rarely does this cross- 
fertilization occur with our cultivated races of barley. li 
barley cross-fertilized naturally as a general rule, every fielc 
of barley would be a mosaic of form and colour and anj 
number of mongrel plants could be picked out quite easily. 

There have been occurrences in the nursery at Warminstei 
which could not easily have been accounted for except bj 
assiiming natural crossing to have taken place. Of coursi 
one never sees it take place, but one assumes it has when thi 
progeny of the grains of some plants ‘ split but as mutation 
occur without crossing we can never make sure of it in any case 
It is quite conceivable that natural crossing may be brough 
about in barley by insects. Thrips (a genus of minut 
insects of the order of Thysanoptera) ^ are often presen 
within the paleae before fertilization. I have no evidenc 
that they can carry pollen, but I know nothing about thei 
life-history, although I had evidence some years ago tha 
they fed on the turgid filaments of the anthers and wei 
probably responsible for the failure of the anther to develop 
As an experiment, in 1928 , we snipped off the upper pai 
of the paleae of a number of florets of a two-rowed race o 
several plants before the anthers had dehisced and emasci 
lated them by taking out the immature anthers. With vei 
few exceptions the ovules in all the ovaries were fertilize! 
obviously wdth wind-borne pollen, because the progeny ‘ split 
We carried on cultures of the progeny until we had satisfie 
ourselves that actual crossing had taken place. 

Natural crossing occurs no doubt sometimes with a si: 
rowed race as ovary parent, but not very frequently in oi 
climate. 

Self-fertilization is the normal process with all cereal 
^ T. cerealium is a common British species. 
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With barley and the other cereals the stigma receives the 
pollen from the anthers of its own flower before these emerge 
from the glumes. It is to this habit of self-fertilization of 
individual flowers that the races originating from single plants 
owe the constancy of their characters and the uniformity of 
the individual plants which make up the aggregate. 

All our cultivated two-rowed barleys normally self-fertilize 
without the paleae opening, frequently before the ear is out 
of the leaf-sheath. In some cases the paleae open just wide 
enough to let the spent anthers partly protrude. As far 
as I have observed the paleae do not open after fertilization 
has occurred. 

It would seem as if (1) elongation of the anther filament, 
(2) dehiscence of the anther, and (3) opening and closing of 
the paleae, partly caused by, or correlated with, swelling of 
the lodicules, all take place almost simultaneously, although 
probably in the above order. 

Although none of our races are constantly open-flowering 
it is not uncommon to see individual paleae open. If this 
happens it is almost certain that the ovules are unfertilized 
and it would seem that, the flower’s pollen having failed, the 
spikelets were attempting to catch some wind-borne pollen 
and had failed again, as would almost always be the case in 
our climate. Probably in some climates the paleae open 
more freely, and if so there would, of course, be more crossing. 
One might even hazard the suggestion that in certain climates 
crossing was quite frequent, and if so, relative diversity of 
races may be simply due to climatic or other external 
conditions. Moreover, there is some slight evidence that 
abnormal external conditions favour mutations and that 
these occur spasmodically and plentifully at long intervals, 
as De Vries (1905) believed to be the case with Oenothera. 

I have heard of cases where open paleae have been 
observed : in one instance at Rothamsted on a fully manured 
plot: in another case on some very rich land in Ireland: 
and again from time to time on the edge of plots. But, un- 
fortunately, in none of these cases were the paleae examined 
to see whether the ovules had been fertilized or not. I have 
heard it stated that if barley is very heavily manured the 
paleae almost always open and I have been told that in some 
cases fertilized seeds have been found. 
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I have never seen open paleae with a fertilized seed inside 
and I have examined several hundreds. I think it unlikely, 
if they open before fertilization, that fertilization subsequently 
occurs, because if that were the case we should get a great deal 
of natural crossing, especially in an experimental cage where 
there are hundreds of widely different races in adjoining rows. 
In forty years’ experience I have probably had less than six 
such cases, and never in established races such as Archer, 
Plumage-Archer, etc. After the failure of fertilization the 
paleae generally open, and on inspection it will be found that 
nine out of ten of them have ovaries of. the sterile type. All 
barley is liable to partial sterility, i.e. some ‘blind’ corns in 
some ears. There is no such thing as absolute freedom from 
‘ blindness ’. 

About thirty years ago, with the help of one of BifPen’s 
assistants, I investigated the cause of this ‘blindness’. We 
found two distinct causes : 

1. Thrips, which enter the florets before pollination and 

puncture the filaments of the anther, so that no pollen 
is formed. ^ 

2. Inherited sterility, which we only found in the earlier 

generations of hybrid races. (This is comparable to 
the sterility of the infertile side florets of all two-rowed 
races.) 

At Warminster we are always on the look out for inherited 
sterility and, unless we have good evidence of it, blindness is 
attributed to thrips. It is possible, though unlikely, that 
the form of the paleae may render certain florets peculiarly 
liable to attack by thrips, but I have no evidence of this. 

It may be that in some hybrid races the ripening of the 
pollen and the receptivity of the ovary do not occur simul- 
taneously and this may be the explanation of the non- 
fertilized ovaries which happen to a greater or less extent in 
hybrid barleys. 

In many species self-fertilization does not take place because 
the poUen is impotent in contact with the ovary of the same 
floret, I do not know whether this is the case in other species 

f 1 have never found that ‘thrip blindness’ had any perceptible effect on 
yield* 
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of the Gramineae, but it is obviously a possibility in the case 
of some hybrid races of barley. 

Whilst liiy experiments indicate that if there is access of 
wind-blown pollen to emasculated florets fertilization readily 
occurs, I doubt if with any races the paleae open before the 
anthers have dehisced, and if they dehisce before the paleae 
open, then, unless the pollen is inactive, the chances of 
crossing appear to be very slight. 

In July 1928 we took ovaries from several florets of a single 
ear of 'July’ barley (a six-rowed race — ^autumn-sown) about 
three days after pollination. These were placed in tubes in 
alcohol. Examination of the tubes showed that in tube 1 
containing 9 ovaries, pollinated, the paleae of the florets were, 
all closed; in tube 2 containing 11 ovaries, not pollinated, 
the paleae of the florets were all open; in tube 3 containing 
1 ovary, in which pollination was doubtful, the paleae were 
open. 

It is possible that (3) was cross-fertilized, but there was no 
way of proving it. 

Only in very rare cases does self-fertilization fail to happen 
and the grain become wind-fertilized, but even then the pollen 
would not necessarily be of another race. 

In the nursery at Warminster, where barleys from all over 
the world are grown contiguously year after year in single 
rows, the individual characters of the barleys grown have 
been retained, with the exception of perhaps half a dozen, 
over a period of more than thirty years. 
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more and more importance to sufficiency of lime, and this 
also confirms the opinion and practice of earlier times. It 
may be taken as well established that soils deficient in lime 
are never good barley soils. Wc know that even soils resting 
immediately on the Chalk may sometimes have their surface 
strata so completely denuded of lime as to give '^finger and 
toe’ turnips. Such soils unless they are artificially limed are 
fairly certain not to yield good barley. 

If an attempt were made to classify the soils of the English 
barley-growing districts in order of merit, taking into account 
quality and yield combined, they would probably fall into 
something like the following order : 

1. Drift overlying Chalk and Tertiaries in the Eastern 

Counties. 

2. The lighter red soils in the South-West and Midlands. 

3. Tertiary and recent soils of the Thames Valley and 

South, including the Isle of Wight. 

4. Chalky soils qn the slopes of the Wolds, the Chilterns 

and the Downs - 

Rotation of Crops 

Agricultural practice with regard to the production of 
barley in the rotation of crops is very variable within the 
United Kingdom. In the greater part of England barley 
used frequently to be grown after roots (in many cases fed 
on the land), or to follow another well-manured straw crop. 

In East Anglia the prevalent custom was to cart half the 
roots (alternate pairs of roots) off the land and to feed the 
remainder to sheep during the winter and early spring. This 
gave a good preparation for barley. The spring rainfall was 
usually enough to poach the land, even when the ploughs 
were closely following the sheepfolds, and the East Anglian 
farmer generally succeeded in getting a friable seed-bed some 
time during March. Then he usually drilled the barley and 
sowed clover (or clover and rye-grass) a week or two later. 
No artificial manures were needed. I have very rarely seen 
an uneven young plant of barley in East Anglia. The crop- 
limiting factor is, in many seasons, deficient rainfall during 
the vegetative period of the plant’s growth. In some seasons 
when growth had been rapid and July rainfall too heavy 
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there was a good deal of ‘lodging’, but to-day, -with the 
stiffer-strawed and shorter-necked races, this defect is much 
less frequent. 

Within the last twenty years, or more, there has been much 
less barley grown after sheepfold and I think that now the 
custom has almost gone out of use. 

The Norfolk four-course rotation — ^roots, barley, clover, 
wheat — ^is the best-known rotation and is no doubt a wonder- 
ful device for putting nitrogen into the soil. It is said to have 
originated in Hertfordshire, but it was Thomas Coke of 
Norfolk who first introduced it on his great estate in N.W. 
Norfolk, where he reclaimed thousands of acres from waste 
and by his efforts and example added very substantially to 
the annual value of Norfolk agricultural produce, as well as 
contributing very handsomely to the comfort and welfare of 
the agricultural community. 

The necessity of the inclusion of barley in the rotation is 
largely governed by the need of a spring-grown crop, and its 
suitability for this depends in turn on the district and soil. 

A crop rotation can be less, or more, than four years, and 
I believe that both a six- and eight-course rotation is now 
practised on many farms as being more economical to the 
farmer than the four-course rotation. These extended 
rotations are said to produce a very high proportion of cash 
crops, five-sixths of the acreage, in some cases, being turned 
into cash straight away. This is obvio.usly an advantage in . 
the eastern counties of England, where barley is relied upon 
to provide for rent and wages. 

Within the last ten years, or more, barley has been grown 
to an increasing extent after sugar-beet and after clover-ley. 
I think, however, that about the same proportion of barley 
is grown after wheat as formerly, although in the south-west 
of England there is a relatively much reduced acreage where 
barley after wheat was the regular practice. 

I have found that barley after roots gives a higher yield 
than after com, but that when it follows a com crop it stands 
up better than when following roots or sugar-beet. Barley 
following sugar-beet gives higher yields than barley following 
com, but I think perhaps it gives slightly lower quality. 
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In 1914 over a considerable area in East Norfolk barley 
was harvested loose, but more recently the rea,23cr- binder has 
been universally used. 

There were defects in all these machines, but each was an 
improvement on the other in some respects. The j^rincipal 
defect of the binder is that it ties the sheaves tight and it is 
difficult to get the inside of the sheaves dry after much rain 
has fallen upon them. There has been for sonic time a 
prejudice against tying barley into sheaves and it is a matter 
of common observation that since the use of this imple- 
ment much more barley is 'mowburnf because it is not 
open to the sun and wind. There is no doubt that in many 
seasons barley cut, whether with the scythe or with the mower, 
and left loose in swath for a day or two (three or four days 
was customary) does dry, take colour and mellow more than 
if tied into sheaves. In some seasons (perhaps one in four) 
the reaper-binder leads to trouble. For instance : if cutting has 
been delayed by adverse weather after the crop is ripe, the 
clover makes headway and then the cutting of tlie barley 
must be further delayed until the clover is fairly dry, or there 
is a risk of heating in the stack. In some seasons, if there is 
a lot of clover, which is always green when the barley is cut 
and tied, the farmer has to choose between ‘ cutting the bonds ’ 
or waiting for another week of fine weather in which to dry 
the sheaves. Perhaps with the use of the still more modern 
implement, the drier, this contingency will not arise. 

In 1980 a still more portentous implement, the 'combine 
harvester’, appeared for the first time in England. This 
machine, brought over from America, cuts and threshes 
the barley and throws out the grain in bags, all in one 
operation, as it travels round and round the field, drawn by 
a tractor. There is no sheaf binding. 

No doubt the use of this machine saves a considerable 
amount of grain. When one walks over fields that have 
been harvested by this method one sees far fewer ears 
lying on the ground than in fields where the binder has been 
used- The t 3 ang up of the sheaves must inevitably lead to a 
certain wastage. Also the grain is not put into stack and 
consequently rats and mice do not get at it. The amount 
of grain eaten in this country by these pests has been 
variously estimated by statisticians, but we know that it is 
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a very large quantity. I think it is probable that the combine 
harvester, one way and another, saves quite 5 per cent, of 
the total grain, and probably more. A further advantage of 
combine harvesting is that less time is wasted in ‘catchy’ 
weather, when it is fine one day and wet the next; it enables 
the farmer to get on with his work more quickly. 

Of course the combine and the drier together require 
skilled labour, but the agricultural worker, taking him all 
round, is as skilled a worker as any man who is employed in 
any other form of manual labour. Kapling describes him as : 
‘Bailiff, Woodman, Wheelwright, Field Surveyor, Engineer’. 
What more can we ask of him ? 

I suppose that about 5 per cent, of the barley of the country 
to-day is harvested by the combine harvester. The farmer 
who buys one of these machines for about £500 has generally 
also to invest in a drier, because since there is no drying of 
the grain by sun and air after cutting, and no sweating in the 
stack, the grain is often not dry enough to be safe in sack for 
more than a few weeks and in consequence is not saleable for 
malting. 

I have seen several combines and driers in operation and I 
have no doubt that they make much better work in good and 
in bad weather than the old binders — ^provided the combina- 
tion of cutting and drying is effectively done. 

The future development of combine harvesting will of course 
depend upon the amount of spare capital available for in- 
vestment in agriculture. It will not be of much help to a 
farmer who farms, say, 400 to 500 acres and who is working 
up to the limit of his capital. But it is possible that smaller 
and handier types of combine harvesters may appear before 
long. 

I imagine that mechanized agriculture, if we take into 
account tractor ploughing with the maintenance of a few 
horses and getting nearly all the work on the farm done by 
machinery, involves the use of about 50 per cent, more 
capital on any farm, and it obviously requires more capital 
than can be employed on comparatively small farms. It is 
therefore not likely that combine harvesting will flood the 
markets with grain at a particular time of the year for some 
time yet. It is, however, a step in the right direction and 
will enable us to stand up better to foreign competition. 
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INFLUENCE OF CLIMATE AND SEASON ON 
AVERAGE YIELD AND QUALITY OF BARLEY 
IN ENGLAND 

There is great variability in temperature and rainfall in 
different parts of England and it is interesting to note the 
relation between average temperature and rainfall in various 
distriets on the one hand, and on the other hand, the average 
yield and quality of barley produced in the same districts. 
For this purpose attention may be confined to the larger 
barley-growing districts, and to a few typical counties. 

Table IV 








Avg. yield, 

Avg. yield. 

Barley 

Districts 

1st 

q’rter 

2nd 

8rd 

q’rter 

4th 

q’rter 

Yearly 

average 

3 0-year 
period 
1896-19051 

10-year 
period 
1929-88 2 



I q’rter 




(bushels) 

(bushels) 


Mean Annual Temperatures 


N. Eastern . 

1 88*9 

501 

57*6 

43*7 

47*8 

35*1 

35*1 

Eastern 

88'8 

51 0 

590 

43*1 

48-0 • 

34*3 

33*9 

S. Eastern 

40-5 

580 

606 

450 

49-7 

32-7 

31*0 

S. Western . 

43-4 

53-2 

59-9 

47-6 

510 

31*8 

34*1 

Kent . 

39-2 

51-6 

59-8 

44-2 

48-8 

37-9 

39-3 

N’th’mb’land 

391 

48-9 

56-5 

43-0 

46-9 

35-8 

34-5 

Cornwall 

44*0 

58-2 

600 

47-9 

51-3 

32-0 

35*3 

Hunts . 

39*2 

52-5 

60*1 

43*0 

48-8 

301 

20-5 


Average Inches of Rain 


N. Eastern . 

5-19 

5-55 

7-67 

i 7-7 

26-1 

35-1 1 

351 

Eastern 

5-35 

5-44 

7-68 

8-0 

26-5 

34-3 

33-9 

S. Eastern . 

6-17 

5-45 

7-34 

8-5 

27-5 

32-7 

31-0 

S. Western . 

10-73 

7-08 

9-85 

13-9 

41-5 

31-3 

84-1 

Kent . 

6-42 

5*28 

7-68 

9-96 

29-3 

37-9 

89-3 

N’th’mb’land 

5-84 

5*60 

8-10 

8-53 

28-1 

35-8 

34-5 

Cornwall 

11-43 

7-24 

9-79 

15-24 

43-7 ! 

32-0 

35-3 

Hunts . 

4-72 

5-46 

7*05 

6-72 

23-9 

30-1 

29-5 


1 Agrl, Statistics, Board of Agriculture and Fisheries, 1900, vol. xli. Part 11. 

* The figures in this column were kindly supplied by the Ministry of 
Agriculture and Fisheries. They are obtained by applying to the relative 
published figures {Agrl. Statistics, Min, Agr. and Fisheries, 1989, vol. Ixxix, 
Part I) a conversion factor of 54-2 lbs. to the bushel. 
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The averages taken over the largest areas seem to show 
that the highest yields are in the driest and coldest districts 
and vice versa, but there are exceptional areas within the 
largest districts. Kent, with an estimated yield higher than 
any other county in England, is one exception. Huntingdon, 
on the other hand, the driest county in England, has a much 
under-average yield: lower than Cornwall, which is almost 
the wettest. 

Averages are apt to be misleading, but when we take a 
large area there is a probability that any errors may to some 
extent balance each other. 

Mr. W. N. Shaw ^ in the Journal of the Royal Statistical 
Society (1905) gave a very full record of the relation between 
weather and crops for twenty years, 1885-1904. He showed 
that there was a very close coincidence between low autumn 
rainfall and high yields of wheat in the following season, and 
it might appear probable that there would be a corresponding 
coincidence between high average yield of barley and low 
rainfall in the first three months of the year. I have very 
slight evidence of such relation. In only seven years out of 
the twenty cited were excessive autumn and winter rainfall 
followed by under-average barley crops, or vice versa. 

In regard to the spring rainfall there were thirteen years 
out of twenty when either a dry spring was followed by an 
over-average crop or a wet spring by an under-average crop. 
In the other seven years there was the opposite relation. 

Nor is there any definite relation between summer rainfall 
and average crops. In eleven years out of the twenty the 
evidence is in one direction and in the remaining nine in the 
other. 

Taking the two worst years for yield since 1884 in Mr. 
Shaw’s period, viz., 1893 and 1904, in both years excess of 
rain in the previous autumn and winter was followed by dry 
springs and summers. In one of the best years for yield 
(1885) a wet winter and spring rainfall was followed by a very 
dry summer. In 1890, the second-best year of the period for 
yield, these conditions were reversed. 

With regard to quality, as we come South down to the 
East coast, whilst the yield declines it will be generally agreed 
that the average quahty of the barley improves. Barley 

^ Formerly head of the Royal Meteorological Office— later Sir Napier Shaw, 
F,R.S. 
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gains in quality if not in yield in England with rise of mean 
yearly temperature. There is no great difference in rainfall 
as between the North-East and the South-East, and indeed 
probably both yield and quality of barley on the East coast 
generally suffer as much in a series of years from deficiency 
as from excess of rainfall, and perhaps more esjiecially from 
deficient rainfall during the latter part of the growing period. 

In the North-East and Eastern districts, whci-c the yields 
are higher than in the South-East and in the South-West, 
there is less rain all through the year than in the South-West 
and less in the first quarter of the year than in the second; 
whereas in the South-East, and much more in the South-West, 
there is the reverse condition. The average winter rainfall 
in some parts of the South-West is so heavy that sowing is 
often unduly retarded. Here, however, the warning to 
beware of averages is especially required. These figures for 
rainfall are made up by averaging the returns of a great 
number of stations, and in a hilly country like the South-West 
the rainfall varies greatly even within a few miles. If the 
total rainfall, for instance, on Dartmoor, Exmoor, the 
Quantocks and the Mendip districts, where no barley is grown 
on the higher land, were excluded, the South-West would 
show a perceptibly lower average, and these differences do 
not occur to anything like the same extent in the more level 
Eastern districts. 

The county of Somerset grows on an average of seasons as 
good a quahty barley as any in England, notwithstanding its 
higher rainfall, with yield above the average of the Southern 
cotmties. It seems probable that the higher temperatures 
here count far more in favour of the plant than the rainfall 
tells against it. Winter and spring temperatures are per- 
ceptibly higher than in the Eastern counties, and the seed 
goes into a warmer bed. 

The rainfall and temperature figures for the South-West 
include Cornwall, and similarly those for the South-East 
include Kent. Neither of these counties is a typical barley- 
growing county, but a comparison between them is instructive. 
In the period we are dealing with both of them grew about 
30,000 acres of barley, a small quantity compared with the 
Eastern counties, but more than is grown in the majority of 
other counties. 
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Cornwall grows an uiider-avcrage yield of barley, and 
generally of poor quality. Kent, on the other hand, shows 
the highest average yield in our period of any county in 
England, with much over-average quality. Cornwall has a 
very excessive rainfall, especially in winter — ^far higher than 
any other county growing any considerable acreage of barley. 
Kent has a low rainfall. Cornwall has considerably higher 
winter temperature than any other county in the United 
Kingdom, but between midwinter and midsummer the area 
of highest temperature shifts from the extreme South-West 
tow'ards the South-East, and the average summer temperature 
of the barley district in Kent is just about the same as the 
summer temperature in Cornwall. Looking to the fact that 
there is no general relation between winter rainfall over the 
whole country and the produce of barley in different seasons, 
and to the fact that the chief climatic difference between 
Cornwall and Kent is the winter rainfall, we may safely say 
that the great difference between the yield and quality of- 
barley in Cornwall and Kent respectively is more a question 
of soil and cultivation than cUmate. There is no glacial drift 
in Cornwall, and the soil consists mainly of broken-down 
residues of primary rocks. In Kent barley is grown mainly 
on Chalk, Greensand, and Tertiary sands and gravels. 

Now by way of another contrast let us compare the Kent 
barley district with that of the extreme North of England. 
Northumberland and Kent, in the period we are dealing with, 
had about the same acreage of barley land. Both grew over- 
average yields, much above that of England generally. The 
average temperature is of course substantially lower in the 
North-East. The average rainfall is about the same in the 
two districts. The quality of the Northern barley is inferior 
to that of Kent. The barley-growing districts of North- 
umberland are on glacial drift. It seems fairly certain that 
the difference in quality in favour of the South-East is mainly 
due to the perceptibly higher average temperature, leading 
to earlier sowing and brighter maturing conditions. The 
over-average yield mth good quality in Kent, as in Somerset, 
may safely be set down to the combination of relatively high 
temperature and good barley soils. 

Although we are dealing with English barley we might just 
mention the conditions (1) in the Lothians; and (2) in Ireland. 
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In both cases there are substantially higher ivverage yields 
than in any part of England. The average > ield in IMidlothian 
from 1896 to 1905 was calculated as 41 busheds per acre, 
against 34 bushels for the same period in the East of England. 
The average yield in Ireland over the same period was about 
40 bushels. Rainfall in the Lothiaus is about the same as 
in the East of England, and in Ireland about the same as 
the South-West of England. Quality in average years was 
probably not so good in the Lothiaus as in the Eastern 
counties of England for that period, and quality in Ireland 
was probably inferior over the same period. 

The indications in both cases point to soil conditions and 
cultivation as the main controlling factors determining the 
much higher average yield. This is certainly true as regards 
the Lothians. In Ireland the barley districts arc small and 
scattered, but they comprise some of the best soils in the 
island. The climate is warm and moist, with absence b£ late 
night frosts. 

As with soil conditions, so with climate and season, the 
effects on the yield and quality of barley are so complex as 
almost to defy an attempt at a summary. 

The arable districts on the East side of England arc the 
driest and coldest. They give on an average higher yields of 
barley than the warmer and moister districts in England, 
where there is a much lower proportion of arable as compared 
with grass land. On the other hand, the higher temperatures, 
and even, in not a few seasons, the higher rainfall of the 
South and South-West are favourable to quality. As to 
seasons, deficient yield is as often due to drought as to 
excessive rainfall. 

It is hardly to be expected that any relation would be 
traceable between yearly, or even quarterly, rainfall and 
quality of barley as between different districts, seeing that 
it is the weather, and by no means the rainfall only, of the 
two critical months before and during harvest which, more 
than all other conditions combined, determines quality. But 
admitting this, there are fairly definite characters attaching 
to the barleys of different districts year after year, combined 
with fairly constant differences in yield, and the conclusion is 
that over a series of years it is as much, or more, the character 
of the soil as of the climate which is the determining factor. 
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Average yields per acre over a long series of years up to 
1905 were approximately as follows: England, 32 bushels; 
Scotland, 36 bushels; Ireland, 40 bushels. Average yields 
over a period of ten years, 1929-38, were: England, 33*4 
bushels; Scotland, 39-3 bushels; N. Ireland, 44*1 bushels; 
Eire, 44-8 bushels; all Ireland, 44*8 bushels.^ 

As between different races under equal conditions, there is 
an average range of about 4 to 6 bushels. We might safely 
define an over-average barley land as that which gives yields 
in average seasons under fair conditions of cultivation between 
38 and 48 bushels per acre of grain, with an average nitrogen 
content of less than 1*6 per cent, of the dry matter. 

Average yields over a series of years of more than 48 bushels 
with an average nitrogen content of under 1*6 per cent, point 
to exceptionally favourable all-round situation and condition. 
These are met with in the Lothians, but in no other consider- 
able district of the United Kingdom. 

The water content of the grain depends mainly on harvesting 
conditions and sweating in stack, but on an average of years 
it will probably be 2 or 3 per cent, less with the more favour- 
able harvesting conditions in the East and South than in the 
North and West of England. 

1 Figures for the ten-year period were kindly supplied by the Ministry of 
Agriculture; the figures for Ireland are calculated on a basis of 50 lbs. per 
bushel. 



CHAPTER X 


ACREAGE, DISTRIBUTION AND YIELD OF 
BARLEY: (1) IN ENGLAND AND WALES; AND 
(2) IN GREAT BRITAIN 

( 1 ) 

Noteworthy changes have occurred not only in the total 
acreage of barley in England and Wales, but also in its 
distribution. The very condensed table given below, with ap- 
proximate figures, has been compiled from official statistics ^ : 

Table V. — Acreage of Barley in England and Wales 


10-year 

periods 

Average 

barley 

acreage 

Per cent. 
ofl886-D5 

1886-95 

Million 

1*9 

100 

1896-05 

1-7 

90 

1906-15 

1-5 

79 

1916-25 

1*4 

74 

1926-35 

1*0 

53 

4-year period 



1936-39 

0-86 

45 


Up to the middle of the period the barley acreage decreased 
by over 20 per cent, and continued to decrease. Whilst the 
area under crops decreased in the aggregate in 1939, the area 
under barley in that year, viz., 910,075 acres, was the highest 
recorded since 1932. 

During the last forty to forty-five years of the period shown 
in the above table there has been a very marked change in 
the distribution of the reduced English acreage. This has 
been best maintained in the Eastern counties with their lower 
rainfall. 

The following table gives the barley acreages in England 
(only) and in some groups of counties in 1894, 1934 and 1939: 

^ ‘Agricultural Statistics’ of the Ministry of Agriculture. 
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T.viiLK* \’I. - Disl rihutioii of Barley in Knglaiid 




1 


1934 

1939 

1989 


ISiU 

1934 

1939 

%of 

%of 

%ot 


Acres 

Acres 

Acres 

1894 

1894 

1984 

England 


832,309 

888,154 

47 

50 

107 

East Const 







Yorks (N. Riding) 

7*1,030 

44,938 

48,315 

02 

65 

108 

Yorks (E. Riding) 

00,084. 

51,142 

56,699 

74 

82 

111 

Lincolnshire 

132,700 

111,310 

109,889 

84 

83 

99 

Norfolk 

211,033 

103,193 

184,719 

77 

87 

113 

Suffolk 

140,392 

303,674 

119,987 

71 

82 

115 

Essex .... 

102,920 

62,340 

63,888 

61 

62 

102 

Kent .... 

43,112 

15,750 

16,184 

36 

37 

103 

Totals : ' 

779,307 

552,147 

599,681 

71 

77 

109 

Totals % of England . 

44*1 

66*4 

67-5 




SoiithAVest Counties 







Cornwall 

35,042 

6,965 

8,143 

20 

23 

117 

Devon 

53,452 

16,473 

21,273 

31 

40 

130 

Dorset 

31,196 

8,622 

8,430 

28 

27 

98 

Somerset 

29,643 

9,904 

11,215 

84 

38 

113 

Wilts .... 
Hants (including Isle of 

47,615 

11,254 

12,732 

24 

27 

113 

* Wight) 

45,758 

19,399 

23,100 

42 

51 

120 

Berks .... 

30,499 

10,635 

12,488 

35 

41 

117 

Totals : 

273,805 

83,252 

97,441 

30 

36 

117 , 

Totals % of England . 

15*4 

100 

110 




Some Midland Counties 
Stafford 

10,867 

1,632 

1,698 

10 

m 

104 

Derby .... 

7,006 

1,226 

1,118 

17 

16 

91 

Notts .... 

' 36,881 

9,022 


25 

23 

96 

Leicester 

15,976 

2,676 

2,625 

16 

16 

98 

Warwick 

16,022 

2,414 

1,948 

15 

12 

81 

Worcester . 

10j960 

876 

929 

8 

8 

106 

Totals : 

103,712 

17,846 

16,954 

17 

16 

95 

Totals % of England . 

5*9 

21 

1*9 




Yorks (W. Riding) 

Yorks (W. Riding) % of 

56,455 

14,910 

15,149 

1*7 

26 

27 

102 

England • 

3-2 

1-8 




All other counties 

All other counties % of 

553,803 

164,154 

158,929 

30 

29 

97 

England . 

310 

19-7 

17*9 





The figures show that in 1934 Lincolnshire and Norfolk 
were the two areas which best maintained their old 
acreage* In 1939 there was an increased acreage in every 
Eastern county compared with 1934> with the exception of 
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Lincolnshire. Norfolk and Suffolk showed the greatest 
increased acreage.^ 

There were heavy decreases in all the South-West counties 
in 1934 compared with the old acreage. In 1939 every 
South-West county showed an increase on the 1934 acreage, 
except Dorest. 

In the Midland counties there was a heavy decreased acreage 
in 1934 compared with 1894. In 1939 the figures show a still 
further decreased acreage, with the exception of Stafford and 
Worcester. 

Yorks (W. Riding) showed a considerable decrease in 1934 
compared with the old acreage, and a small increase in 1939 
on the 1934 acreage. ^ 

To give any, even plausible, reasons for these ‘ differential ’ 
responses of barley acreages to altered conditions is difficult. 
We may be sure, however, that the conditions which have 
operated have been very diverse. In some counties, e.g, 
Worcestershire, fruit and vegetables (even asparagus) have 
been partly responsible. In Wiltshire the United Dairies has 
much to its credit. That company has been very ably 
directed from this county and I believe the increase in milk 
production has been as high as in any other English county. 

The thousand-acre farm on the edge of Salisbury Plain 
where I was brought up, and which grew about 100 acres of 
barley annually in the seventies of last century, is now (1939) 
the property of the War Office and is all grass. 

Up to the beginning of the war (1939) English farm land, 
for a great number of years, in four out of five counties had 
been ‘going down to grass’. Some authorities in high places 
and with wide vision of what from the national point of view 
is most to be desired, notably Sir R. G. Stapledon (1935), 
believed that it would be a good thing for the country and, 
incidentally, ensure our greater safety, if half the grass land, 
including aU the poor grass land, were ploughed up and the 
remainder of it so farmed with the aid of drying plants for 
young grass as to yield twice as much as heretofore per acre 
of nutriment for animals and for our milk supply.^ 

^ In 1938 the county of Norfolk grew about one-fifth of the barley grown in 
England and was in a position to provide about one-third of the total home- 
grown barley of malting quality. 

® In 1866 there were 14-2 million acres of arable land in England and 
Wales; in 1938 there were 9-0 million acres arable and 14*0 minion acres 
pasture. 
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Barley yields have been estimated since 1886 for the 
Ministry of Agriculture by local representatives and sum- 
marized in the published returns. 

Taking five ten-year periods and one four-year period we 
get the following figures for England and Wales : 


Table VII. — ^Average Yields of Barley in England and Wales 


Years 

Cwts. per acre 

Percentage of 
period 1886-95 

1886-95 

15-5 

100 

1896-05 

15-5 

100 

1906-15\ 1 

15*8 

102 

1916-25/ 

14-6 

94 

1926-35 

16-3 

105 

1936-39 * 

16-4 

106 


In the ten-year period 1929-88 the average yield in England 
and Wales was 16-2 cwts., and for the years 1938 and 1989, 
18’1 and 17-5 cwts. respectively. Variation of the average in 
different years is about 15 to 18 cwts. 

If instead of taking the average yields of the whole country 
we extract the figures for the Holland division of Lincolnshire 
very convincing figures are shown for the improvement in the 
yield of barley. This division has a small acreage but a very 
high average jdeld. 

Five years’ averages are given overleaf for Lincolnshire 
and for the Holland division only. The latter figures show a 
really steady increment from the end of the 1914-18 war. 

^ These periods include the war years 1914-18, 

® In this period the highest average yield for England and Wales was in 
1938, viz., 18*1 cwts. — an exceptional yield. The lowest average yield in this 
period was in 1937, viz., 14-5 cwts. (The harvest of 1937 was exceptionally 
bad.) 


[Table. 
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Five-year period : 

Average yields per acre (ewts.) 

1898-1807 

1898-1902 

1903-1907 

1 15*5' 

1 14*0 

1 15*2 

1 Lincolnshire. 

1905-1912 

15*1 j 


1913-1917 

lG-31 


1918-1922 

17-2 


1922-1927 . 

19*2 

- Holland division only. 

1928-1982 

19*9 

1988-1937 

21*2j 


Ten-year period: 



1885-1894 

15*5 

Lincolnshire (including 



Holland).! 


^ Holland was not distinguished until 1913. 


( 2 ) 

In Great Britain the acreage of the cereal crops, viz., wheat, 
barley and oats, is determined by differential conditions of 
soil and climate over wide areas. On the whole arable area, 
and on every arable field, one or other of the three cereals can 
be grown, but in most districts and on most farms one or 
other is not only the most profitable to the farmer but also 
yields more human nutriment. 

The average barley acreage in Great Britain for the ten- 
year period 1930-39 was 0*97 million. The acreage in 1938 
was 984,427 acres and in 1939, 1,009,670 acres. 

In 1939 wheat represented 70 per cent, of the cereal area 
in Huntingdonshire and only 0*1 per cent, in Aberdeen; 
barley was 50 per cent, of the cereal area in Norfolk and only 
0*6 per cent, in Cumberland; oats were 93-9 per cent, of the 
cereal area in Aberdeen and only 15 per cent, in Norfolk. 

The arable farmer in Great Britain depends to a very great 
extent for his profits on the sale of wheat and barley. Except 
in seasons when these crops have been badly damaged by 
adverse conditions, probably 80 per cent, of the total growth 
of these two cereals passes out of the farmers’ hands. About 
8 to 10 per cent, of the wheat and barley grown in any year 
is used for seeding the following year and probably about 
10 per cent, of it (usually the inferior and damaged grain) is 
used for feeding to animals. In Wales and in the South-West 



Acreage, Distribution and Yield of Barley 83 

of England there are, however, considerable areas where 
nearly all the barley grown is used for feeding purposes. 
Oats are to a very large extent consumed on the farms on 
which they are grown and probably not more than 30 per 
cent, of the total crop of Great Britain is sold by the .growers. 
On this account there is a tendency for oats to be more 
generally grown than wheat or barley in mixed arable and 
pasture districts. Moreover, the climatic conditions which 
are favourable to grass are generally also more favourable to 
oats than to the other cereals. 

With few exceptions there is a proportionately larger area 
of barley in the drier counties, in which there is also a higher 
proportion of arable land, and there is a comparatively small 
area of barley as compared with oats in the wetter pasture 
districts. Barley having a somewhat shorter growing period 
than wheat or oats under the same climatic conditions can 
be more profitably grown in some areas where not only is 
the average annual rainfall limited, but also generally limited 
to a special season. 

Before 1922 there was a slight tendency for yields of barley 
in Great Britain to fall, namely, at the average rate of 0-1 cwt. 
per acre. Since 1922 there has been a steadily progressive 
increase at about the rate of 0*5 cwt. per annum. The 
average yield per acre of barley in Great Britain for the 
ten-year period 1920—29 was 15*8 cwts. and for the ten-year 
period 1930—39, 16*4 cwts., an increase of nearly 4 per cent. 

Owing to the outbreak of war, in 1939, a ‘ ploughing-up ’ 
policy became necessary in order to maintain the food supply 
of the country, with the result that the acreage under barley 
to-day is greater than it has been for a number of years and 
will no doubt continue to increase to the utmost limit. 
Indeed, it is to be hoped that in future a much larger per- 
centage of our population will live on the land and I hope 
the day may come when the acreage of barley in England, 
at any rate, may be increased by an average of at least 
50 per cent, of that of the pre-war periods. 
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OLD ESTABLISHED VARIETIES AND RACES OF 
BARLEY GROWN IN GREAT BRITAIN 

Going from North to South and omitting barleys grown 
mainly for feeding purposes, the races generally grown in 
Great Britain up to about 1914 were as follows: 

In the north-eastern counties of Scotland, Scotch Common 
was generally grown. This variety is composed of a large 
number of mixed races. There were, however, some selected 
races of Scotch Common in cultivation, one of which, known 
as ' St. Medoes ’, originated in the parish of that name in the 
Carse of Gowrie. 

The ear of Scotch Common is narrow, the grain is generally 
rather small and the colour and quality uneven, partly on 
account of the mixture of race which is prevalent and partly 
because of the unfavourable climatic conditions of many 
parts of the district. It was, however, suited to the districts 
in which it was grown in respect of its hardy character and 
from the fact that it has a relatively short growing period, 
consequently ripening earlier than other sorts. 

In Fife, the Lothians, the Berwick district, Northumber- 
land, Yorkshire and N. Lincolnshire the barley grown was 
generally of the wide-eared or Goldthorpe type, so called 
from a ‘pure race' raised by Mr. Dyson of Goldthorpe, 
Yorkshire, from a single ear, shaped like Spratt, which he 
discovered in 1889 in a field of Chevalier barley. This ear 
had grain of larger size and better colour, and it soon gave 
rise to a new sort which is quite readily distinguishable from 
Spratt, though of the same general shape and habit. Whether 
Mr. Dyson’s single ear was a ‘ sport or whether it was seeded 
accidentally by a grain present of the older Spratt barley, we 
do not know. There is no doubt, however, that it has grown 
true to type since its introduction. 

The record of this barley is remarkably instructive, for it 
shows incontestably that the progeny of a single plant may 

84 
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have quite well-marked characters differentiating it clearly 
from other stocks. 

There were also in general cultivation several well-known 
hybrid barleys of the wide-eared class. It is a general 
characteristic of the wide-eared barleys that the grain is 
larger than that of the narrow-eared sorts. On this account 
they yield on an average more extract to the brewer and are 
preferred by most maltsters in Scotland and in the North of 
England. True Chevalier barleys were grown to some extent 
in Scotland, but the term ^Chevalier’ is commonly used in 
some parts of Scotland for all races other than Scotch 
Common. 

Wide-eared barleys were also the prevalent type in Shrop- 
shire, in many districts of the Midlands, in the Fen District, 
and in some parts of Essex. An old English wide-eared 
variety called Spratt, 'which is inferior in quality and colour 
to Goldthorpe, but with a very stiff straw, was formerly 
grown in a few scattered districts in the Fens and in Essex 
up to about 1920, but it has been generally replaced by the 
newer breeds of wide-eared barleys. It was a heavy cropper 
on certain rich soils and usually produced a large quantity of 
straw, which vrith weaker-strawed sorts would certainly have 
caused ‘lodging’. It is wider in the ear than Goldthorpe 
and long-necked (as are most wide-eared barleys), and when 
fully ripe liable to be brittle both in the ear and in the neck. 
The appearance of the grain is generally distinct in the wide- 
eared sorts, and whilst few experts could be sure on inspection 
to what particular ‘ sort ’ a barley of Chevalier type belonged, 
the Goldthorpes are generally readily distinguishable from 
Chevaliers even after threshing. Goldthorpe and the other 
wide-eared barleys have thick stems and short ‘knots’, and 
although the last intemode is long, the head does not fall 
over as much as with the Archers and Chevaliers. There is, 
however, a tendency for the straw to become ‘kinked’ and 
this is more serious than being ‘knee-bent’. With neck-bent 
barley of the wide-eared type there is loss from breaking. 

Wide-eared barleys show a greater tendency to deteriorate 
than narrow-eared, but their special merit is that their straw 
is generally stouter than that of the narrow-eared varieties, 
so that they are generally able to stand up under conditions 
which would cause the latter to ‘lodge’. 
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In England generally, the three best-known tyi:)cs of barley 
cultivated in the earlier years, which can be recognized as 
distinct by their general appearance, were Chevaliers and 
Archers, both narrow-ear^d; and Spratt (wide-eared). Of 
course there are many strains of these, but they all more or 
less resemble one of the types, or are crosses between them. 
From our leading agricultural seedsmen we get barley so free 
from admixture and so generally uniform as to make it fairly 
certain that the grain has been in many cases grown up from 
single selected plants of one or more of these types, and in 
some cases we have definite records of this having been done. 
The evenness in the character of the plant and of the grain 
produced from seed so grown up is very noticeable, and, 
needless to say, the uniformity of sample so obtained is a 
very valuable quality. We find, however, that even without 
any artificial selection of this kind there have been, and there 
still are, ‘sorts’ of barley more or less uniform which must 
owe their uniformity to other causes. 

There are a few old records which are interesting in this 
connection and perhaps that of Edward Lisle given in his 
Observations is the most instructive. He made many 
journeys from his home, Crux Easton, in Hampshire, to the 
Isle of Wight, Dorsetshire, Wiltshire and Leicestershire. He 
describes with much detail his discussions with various 
farmers and maltsters whom he met on these journeys as to 
the various kinds of barley grown in the districts. His 
observations are all the more interesting because he evidently 
judged the grain in respect of quality just about as we do 
to-day. He says : 

‘It is agreed, that is the best sort of barley, that is not 
blackish at the tail, nor has a deep redness, but is of a pale 
lively yellow colour, with a bright whitishness in it, and if 
the rind is a little curdled, so much the better. 

‘It is said, that the curdled-rinded barley is the finer sort, 
and has the thinner coat. — ^Being in the bam, and handling 
both the smooth-coated barley and the curdle-coated, I 
perceived the reason thereof; for if barley comes to sweat 
in the mow, and to dry, if it be thin-coated, it will curdle, but 
the rind of thick-coated barley, being stiff, will not shrink, 
but will lie smooth and hollow, tho’ the inside flour shrinks 
from it ’ (p. 155). 
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Rath Ripe barley, or early ripe barley, was regularly grown 
in certain districts where it had a reputation, and seed from 
these districts was frequently transported to others. Lisle 
tried it over and over again, but was strongly against it for 
the poor and cold lands of the North Hampshire Downs, 
where he fanned. Neither on his clay land nor on his white 
land did it give good residts. To quote his own words: 

‘I sowed this year (1707) rath-ripe barley in very poor 
white ground; I also so\ved the same in very good strong 
clay-land : no rain fell to bring it up till June, and after that 
we had frequent showers, and plenty of rain till harvest, and 
in harvest, and yet I observed my rath-ripe barley in the 
poor light land miserably bent, broken in the straw, and 
harled or fallen down: in the strong clay -land it did the 
same, but not so much, tho’ the straw and the leaf of the 
straw was blighted, and full of black specks, the ear thin, 
and its colour lost in all the rath-ripe barley, whereas the 
straw of the late-ripe barley was both free from these spots 
and stood upright with good strength. — I do infer from hence, 
that, seeing the clay-land in our hill-country, tho’ in good 
heart, and the moistest ground we have, and in a moist year 
too, cannot sufficiently feed the straw of the rath-ripe barley, 
so as to enable it to stand upright, but suffers it to be languid 
and withering; I say, from hence I infer, that rath-ripe 
barley cannot be a proper sort of barley for us to sow ; because 
in our hill-country, where the straw breaks or starves three 
or four weeks before harvest, it must needs be a thin coarse 
grain ; therefore in our hill-country it is best to sow late -ripe 
barley, tho’ we should provide three or four horses extra- 
ordinary against sowing time, in order to get the com into 
the ground a week before May begins’ (p. 148). 

Middle-Ripe barley he tried a few times, but concluded that 
it had very much the same defects as rath-ripe, but to a lesser 
degree. 

Late-Ripe barley evidently suited all his land the best, and 
he goes into a long explanation of its merits, of which the 
chief are that it is much stronger in the straw, holds out well 
and is more even at harvest. He considers the straw also to 
be better value for feeding than that of the earlier sorts. He 
makes a comparison between rath- and late- ripe barley in the 
following words : 
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^It does not seem veiy ea.sj' to make a conjecture of the 
nature of late-ripe and rath-ripe barley, and to i?ive rc^asons 
why the late-ripe agrees best with cold, and the early-ripe 
with hot grounds, and with a hotter climate; but I shall 
venture, however, to deliver my notion of the matter. I 
conceive the reason why one sort of graiji is late-ripe, another 
rath- or early-ripe is from the stamina and constituent parts 
of each grain, which in the rath-ripe sort are of a looser and 
opener texture in the fistular parts and glands. The rath-ripe 
barley having finished its course, and come to a maturity in 
less time by being committed to a warm bed, shows the 
vessels of the seed to be less compact, and the fibres and 
ligatures not so well strung, and their tones looser than those 
of the late-ripe ; for the quicker the growth of the solids arc, 
in animals as well as plants, the parts which contribute 
towards such growth and increase are less solid and compact, 
as carrying with them a greater mixture of fluids, which are 
the necessary medium for consolidating the harder or drier 
particles, which united make the solids, and therefore, the 
cement being of a looser substance, no wonder if the fibres of 
such seeds are so too: thus the parts of the rath-ripe seeds 
are not corded, braced, or faggotted together with so strong 
an union or texture as the late-ripe seeds, which last being 
sowed in cold ground, and in a cold clime, the vegetable 
juices are sent up in less plenty, and the particles that con- 
tribute to the solids are not over-flowed with so liberal a 
quantity of fluids, which are therefore the firmer matured 
and digested’ (p. 150). 

{This is not scientific language according to our ideas^ hut I 
fancy that Lisle meant just about the same as we do when we say 
that quick-growing varieties of plants will contain a relatively 
lower proportion of elaborated material to protoplasm than will 
slower-growing plants of the same species,] 

Spratt barley Lisle describes just as we should to-day, and 
he considers it specially suitable for rich land. He does not 
apparently grow it himself, but recommends it to a friend in 
Bedfordshire, who takes him to see some newly broken-up 
pasture which, even after two corn crops, is still too strong 
for ordinary barley. 

‘Mr. Clerk of Leicestershire informed me, that sprat or 
battle-door barley required a strong good land, that its 
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peculiar property was, that it would not run up to a length 
of straw, tho’ in good land, so as to lodge, as other barley 
would, and that it had a stronger and more pithy straw, but 
not so good for fodder. 

‘Mr. Ray, fo. 1243, speaking of battle-door or sprat barley, 
says, it is thought to be more safe than other barley from the 
depredations of birds, because its grains are more difficult to 
be torn from the ear than the grains of other barley 

‘Mr. Johnson of Bedfordshire, of whose judgment I have a 
great opinion, after he had sown great -wheat in a new broken- 
up very rich pasture-ground (which sort of wheat he chose, 
because it was the least subject of any to lodge) and the next 
year had sown beans, the year following, being the third year 
of sowing the ground, took me with him to view it, in order 
to advise with me what grain he should sow: he thought it 
would be too rank for barley, because that is more apt to 
lodge than oats, and also too rank for oats, and was therefore 
inclinable either to sow great-wheat and red-straw-wheat 
mixed, that the former might help to support the latter from 
lodging and falling, it being a rank ground, or else to sow 
red-straw-wheat alone, because next to great-wheat that 
supported itself the best. — have known great-wheat and 
red-straw- wheat often sowed in the north, in good land, for 
the same reason, I agreed with his reasons, as being good, 
but told him, I should rather recommend battle-door or sprat- 
barley, if he would send it from beyond London, it being not 
only a shorter, but also a stronger strawed barley than any 
in the north, and therefore fitter to sow on rich land, in order 
to prevent lodging, and was also good to mix with other 
barley, to help to support it’ (pp. 151-152). 

Can we identify these old sorts of barley as represented 
amongst those that we know of? I think that the old rath- 
ripe barley has practically gone out of cultivation in England, 
There was in Ireland a good deal of unselected barley known 
as ‘Old Irish’ which corresponds to it, judging from Lisle’s 
description, and on the Continent a similar strain (probably 
selected) is known as ‘Hanna’, Neither of these sorts is 
now profitable to the grower. Their only recommendation is 
early ripening. 

Possibly Lisle’s middle-ripe barley is represented by 
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Chevalier, but more probably it was a mixture ot late and 
early barley. 

There is not much doubt that the old late-rij)e barley is 
represented by what we know' as ' Archer’ barley and is 
probably the old common English narro^v-eared barley of the 
country. It has all the characters whicli Lisle describes. 
Apparently the late and early ripening habit in those days 
was more or less maintained by getting seed periodically from 
districts in which these sorts had originated and where they 
generally maintained these characters. 

The origin of Chevalier barley is rather doubtful. As we 
know it, it is the progeny of a few ears Ibund in the garden 
of one Andrews, a labourer employed by the Rev. J. B. 
Chevallier. It was selected and re-selected, probably from 
single plants, by himself, and certainly later by many seed- 
corn growlers. It is fairly certain that before 1886, 80 to 
90 per cent, of the barley grown in England w^as the progeny 
of one plant of this race. It is not on record that the reverend 
gentleman himself made a profit from his barley; however 
that may be, it is certain that no race of any species of any 
farm plant before or since spread so extensively as this. 
The barley was well and truly called ‘Chevalier’ (vide Oxford 
Dictionary). 

I received from Mr, J. B. Chevallier, of Aspall Hall, Suffolk, 
copy of a letter written by his grandfather which brings to 
light what is probably the true story of the origin of this 
barley. It reads : 

‘A labourer (named John Andrews) living in a cottage of 
mine at Debenham, in this County, as he passed through a 
field of barley plucked a few ears and on his arrival home 
threw them for his fowls into his garden and in due time a 
few of the grains arrived at maturity, and as the ears appeared 
remarkably fine I determined to try the experiment of 
cultivating them ’. 

A more elaborate version of this story appears in a paper 
by Arthur Young, F.R.S., Secretary to the Board of Agri- 
c^ture, 1793-1808, in an extract from a MS. History of 
Debenham, 1845, in the possession of Mrs. Lock of Debenham, 
which reads as follows : 

‘About the year 1820, John Andrews, a labourer of Mr. 
Edward Dove, of Ulverston Hall, Debenham, had been 
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threshing barley and on his return home at night complained 
of his feet being very uneasy, and on taldng off his shoes he 
discovered in one of them part of a very fine ear of barley — 
it struck him as being particularly so — and he was careful to 
have it preserved. He afterwards planted the few grains 
from it in his garden, and the following year Dr. and Mr. 
Charles Chevallier, coming to Andrews’ dwelling to inspect 
some repairs going on (the cottage belonging to the Doctor), 
saw three or four cars of the barley growing. He requested 
it might be kept for him when ripe. The Doctor sowed a 
small ridge with the produce thus obtained, and kept it by 
itself until he grew sufficient to plant an acre, and from this 
acre the produce was 11-|- coombs (about the year 1825 or 
1826). This was again planted and from the increase thence 
arising, he began to dispose of it, and from that time it has 
been gradually getting into repute’. 

The old variety of barley called in some districts ‘Archer’, 
and also known by several other names, but of which we have 
no definite account of the origin, is also quite well marked off 
from other barleys and has distinct characters, of which those 
most obvious are rather late ripening, a short neck and a 
grey-coloured grain. It is probably the old common English 
narrow-eared barley of the country, and as generally met with 
is composed of a large number of slightly differing faces and 
is therefore not uniform in quality. It tillers more freely 
than other barleys and is a good yielder, and for this last 
character has gained on Chevalier in some districts. It is 
well suited to light soils but can be grown on almost any type 
of soil. On account of its valuable economic qualities many 
separate selections have been raised from it. 

It is not unreasonable to suppose that even if left free from 
accidental mixtures one or other race of barley will tend to 
crowd out others when the soil and climate are more favour- 
able to it, and it is obvious that with the average quantity of 
seed grown there is a good deal of natural selection going on. 
Taking the grains sown at three bushels per acre and assuming 
each plant that survives to average 1 to stems bearing 30 to 
40 grains we can see that only one in two or three seeds will 
have produced plants which survive. Crowding out therefore 
must always be taking place. Attacks of insect pests and 
other external enemies of the plant in early stages will have 
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i general tendency to accentuate this process and we may be 
;ure that it will be the most vigorous plant which will best 
resist such attacks. 


Comparison of the Characters of Chevalier and 
Archer Barleys 

The differing characters of these two barleys arc liable to 
more or less fluctuating variation with cultural conditions, and 
in the following comparisons equal conditions of cultivation 
are assumed. 

Chevalier and Archer barleys are distinguished botanically 
by a specific difference in the ‘rachilla’. This is a small 
structure lying in the furrow of the grain. In Chevalier 
barley it is smooth or furry, w^hilst in Archer it bears distinct 
hairs or bristles. This character is independent of cultural 
conditions and may therefore always be used as a means of 
distinguishing the two classes of narrow-eared barleys. It 
does not, however, taken alone, serve to distinguish Archer 
from wide-eared barleys, because both types of rachilla are 
met with in the latter. 

The colour, of the grain of Chevalier is brighter than that 
of Archer and in consequence of the fact that the different 
Chevaliers are ‘pure races’, selected more recently, samples 
are generally more even in appearance than those of the 
Archer type. In respect of size of grain there is very little 
difference between the two varieties. The ear of the 
Chevaliers is slightly narrower and longer than that of the 
Archers ; the ear of the latter emerges only a few inches and 
sometimes only just from the upper leaf-sheath. Chevalier 
being a longer-necked barley than Archer is more liable to 
fall over at the last ‘knot’ or node of the straw. In many 
seasons a good deal becomes ‘knee-bent’, which usually 
happens after the grain is ripe and in an interval during 
which adverse weather may prevent cutting. This defect 
seems to be directly due to the length of the internode be- 
tween the last joint and the ear. Straw characters are 
associated, without doubt, to a great extent with soil con- 
ditions, but the character of the straw generally gives a great 
advantage to Archer and more especially on soils where straw 
is liable to be weak. 
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Plants of Archer and Chevalier grown side by side at 
Warminster showed the following average differences : 

Archer Chevalier 
in. in. 

Average length of straw from root crown to 

base of ear ...... 33 85 

Average length of last internode or ‘neck’. 11 15 

Now in Chevalier barleys the knots appear to be the 
weakest points, and if the last intemode carrying the spike 
is very long it does not take much wind or rain to bend 
the straw at the last ‘knot’. I have observed whole fields 
of barley with almost every stem ‘kinked’ at this point. 
The quicker the growth of the plant, the weaker are the knots, 
because growth of the young tissue of the stem takes place 
up to the time of ripening at just these points. Archer 
barley, with a shorter neck, seldom gets ‘knee-bent’ to the 
same extent, because the leverage of the ear acting upon the 
straw at the ‘knot’ is not so great. With ‘knee-bent’ 
Chevaliers there is some discoloration of the grain due to the 
ear falling near the ground, but the stem does not often 
break. 

All the evidence I have seems to point to the fact that as 
between Chevalier and Archer types, the latter plant, with 
the stiffer straw and shorter neck, and a slightly longer 
growing period, is the stronger plant. Furthermore, it is 
also more prolific in yield of grain. 

There is an important mass of conclusive evidence on these 
points derived from comparative trials and plot experiments 
carried out in Denmark; and some years later comparisons 
were made on an extensive scale by the Irish Department of 
Agriculture between these two types, and other old varieties. 

In England, whilst there has been a great accumulation of 
individual experience on the relative values of Chevalier and 
Archer types, there has not been any extended or widespread 
series of comparative trials of the older races of barley. 

I think it most desirable that a few of these non-hybrid 
races should continue in cultivation. From selected plants 
arising from crossing them again we might probably continue 
to improve on existing races. 
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Danish Experiments 

Comparative trials and plot experiments were carried out 
in Denmark between 1893 and 1902 and I shall now refer to 
some records of these. I am indebted for these in the first 
instance to Mr. Harold Faber, who procured them for me at 
the request of the Board (now the Ministry) of Agriculture; 
also to Mr. Christopher Sonne (a prominent agriculturist in 
Denmark and for many years in charge of the experiments) 
for considerable information, with many reports, and a com- 
plete collection of plants and seeds. I am also indebted to 
the late Mr. Alan McMullen (formerly of Messrs. Guinness, 
Dublin) for a summary of the results in English weights and 
measures and for having pointed out resemblances between 
the respective Danish types and those known by other names 
in this country. 

The acreage of barley in Denmark is ’ about the same in 
proportion to the other cereals as in England, but owing to 
smaller local consumption admits of a considerable export. 
The following figures illustrate the climatic conditions of the 
barley-growing districts as compared with the North-East 


counties of England : 

North-East England 

Denmark 


in. 

in. 

Average rainfall . 

26 

23 

Mean temperature : 
Winter 

39 

32 

Summer . 

58 

60 


The climate is therefore drier, colder in winter and warmer 
in summer than in our North-Eastern districts. 

The barley-growing soils in Denmark are generally on 
boulder clay of the glacial drift, overlying Chalk. 

The experiments to be described were organized and con- 
trolled by the Danish Agricultural Society. They were 
commenced in 1882, and for the first ten years a number 
of questions were investigated, connected with the time of 
sowing, quantity of seed, methods of harvesting and com- 
position of grain. In some years trials were made on as 
many as 76 different farms all over the country, and to settle 
a simple point, like the average difference resulting from drill 
and broadcast sowing, no less than 230 comparisons were 
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iDade. It is, liowever, in the comparison of varieties that 
the great value of the Danish experiments consists. It is 
impossible to do more than indicate the elaborate methods 
taken to ensure fair comparisons. At each of five stations 
all the variety plots are quadruplicated year after year. 
There are twenty different plots for each variety in each 
year. In addition, for several years comparisons of yield 
and quality were made on a very large number of farms, so 
that (Mr, Sonne informs me) something like 1,000 samples 
each year are compared and records kept. There is no other 
• series of trials of varieties of barley on record anything like 
so complete and reliable, and it is evident that they have been 
designed and carried out without omitting any of the many 
precautions which are necessary if experimental results are 
to yield reliable information for practical purposes. It is 
much to be regretted that a full account of what has been 
done has not been published in our language. 

‘ The following is a mere summary of the Danish results : 

Thirty-three different sorts of two-rowed barley were 
compared. These may, with a few exceptions of no special 
interest, be divided into three groups corresponding to the 
three types of barley grown in England: 

1. Prentice barley. This was named ‘Prentice’, and is 
still called Prentice in Denmark, because it was at first 
supposed to resemble barley of that name which was well 
known for several years before, but the barley actually used 
originated from 100 lbs. of English seed-corn of a mixed type 
imported in 1891. The progeny of this seed has been sown 
year after year up to the present. At present the barley is 
nearly all of Archer type. A sample sent to me in 1902 
contained only 6 per cent, of barley of Chevalier type. 

2. Selected Chevaher barleys of Swedish, Danish, German 
and English origin. 

3. Wide-eared barley of Spratt or Goldthorpe type. 

In the first year of the variety trials (1893) eleven sorts 
were compared, and all these same eleven sorts have been 
re-seeded year after year at a seed station devoted to this 
special purpose. Two were Prentice barleys, both derived 
from the original seed before referred to, but growm mean- 
while in different localities. Five were Chevaliers, viz., three 
Danish sorts, one Swedish, and one English (Hallett s). Four 
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were wide-cared barleys, including Goldthorpe, and three 
others more or less similar. 

The new sorts added since 1892 include selected Prentices 
grown up from single plants derived from the originally 
imported stock; several more recently introduced selected 
Chevaliers of English, Danish and German origin; new wide- 
eared sorts of English and Gei'man origin; and some cross- 
breds. 

The barleys are valued year after year by a system of giving 
points for colour, shape and ' quality With regard to quality, 
the fairly constant inverse relation of this to nitrogen content 
had been well proved in Denmark before it was generally 
recognized in this country. Notwithstanding this, however, 
I find that the relative number of marks given does not 
coincide with what would be accepted as relative value for 
malting in this country. To give the figures in detail would 
therefore, as between the different types and varieties, be 
misleading. 

There also have been carried out several series of malting 
trials, and as the result it has been established that low 
nitrogen, mellow grain, and high ‘brewers’ extract’ go 
together. 

The following tables show in summarized form the yields 

(1) for ten years with the eleven sorts above mentioned, and 

(2) for three later years with these, together with the newer 
sorts included. 

Table VIII. — Ten Years, 1893 to 1902, Eleven Varieties 

Bushels per acre 


Average 

Two Prentice sorts . . 42*4 

Five Chevalier sorts . . 39*6 

Four wide-eared sorts . . 37-2 

Tab le IX. — Three Years, 1900 to 1902, Twenty-seven Varieties 

Average 

Five Prentice sorts . . 42-0 

Fourteen Chevalier sorts. . 38*0 

Eight wide-eared sorts . . 36*4 


Stated in general terms, the evidence (with the conditions 
prevailing in Denmark) is that : 
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1. The different sorts of Archer type represented by 
^ Prentice ’ barley, whether grown from nnselected or selected 
seed, are all very similar to each other both in average yield 
and quality in the same seasons. 

They all give considerably higher yields than any other 
sorts. In quality, when judged by appearance they are not 
quite equal to Chevaliers, but in respect of nitrogen content 
and extract the differences are small. 

2. All the Chevaliers are very much ahke. They all give 
about the same yield and quality in the same seasons. The 
yield is not so good, but the quality judged by appearance is 
better than that of the Archer barleys. 

3. The wide-eared barleys differ very much amongst them- 
selves both as to yield and quality in the same seasons. The 
average yield is lower than that of Chevalier, and much 
lower than that of Archer, The average quahty, whilst 
very variable with the different sorts, is always according to 
Danish ideas better than that of the Chevaliers, and better 
still than that of the Archers. Of the different sorts of 
wide-ears, Goldthorpe is very distinct from the others, and 
almost always gets more marks than any other sort. It also 
gave in two trials in 1891 and 1892 lower nitrogen and more 
extract than any other sort. 

The question at once arises : How far can these results be 
applied to English conditions ? 

The barley-growing districts of Denmark are about parallel 
in latitude with those of the North of England and the 
South-East of Scotland, but the yearly average rainfall is 
lower. There is a much harder winter, and sowing is gener- 
ally not before the second week in April, and often later. 
There is, however, higher temperatme and the days are 
longer during the maturing period, and this period is shorter 
than with us. 

The soil of the barley-growing districts in Denmark is much 
more uniform in character than in England. In respect of 
both soil and chmate taken together the Danish conditions 
differ considerably from those under which barley is generally 
grown in the South of England, but more nearly resemble 
the conditions in the North. This comparison is perhaps 
too general to be of much service and I regret the lack of 
opportunity to make it more complete. 


a 
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The higher yield of Archer barley must be due to the 
character of the plant, whether grown in this country or in 
Denmark, and this character is no doubt associated with the 
more sturdy straw and the slightly longer growing period of 
the plant, possibly also with a stronger root system. We 
know that the slower growing varieties of all plants are 
nearly always the most prolific. 

I have observed that Archer is sometimes in our climate 
only very slightly later than Chevalier, and that when Archer 
and Chevalier are grown alongside and sown at the same 
time, and when sowing is early and the soil and season 
favourable, there is very little difference; but when sowing 
is late, and when the external conditions are adverse to quick 
ripening, then Archer sown alongside with Chevalier may be 
a week later at harvest or even more. In Denmark seeding 
is on an average three weeks or a month later than in the 
East and South of England, and we should therefore expect 
the difference in quality there to be more pronounced between 
the two sorts. 

Whilst the differences between Chevaliers and Archers 
have not been much considered from the malting point of 
view in England, owing to the two sorts being a good deal 
mixed in cultivation, there is among growers and maltsters 
and brewers in different parts of England considerable 
difference of opinion on the relative merits of Goldthorpe and 
the narrow-eared sorts. 

With regard to the low yield of Goldthorpe and the other 
wide-eared sorts, it is doubtful whether the Danish results 
would apply in the North of England. Their summer climate 
is drier than ours, and in a very dry atmosphere undoubtedly 
there is a serious loss from the ears of wide-eared barley 
breaking off. It is fairly certain that this is at any rate one 
cause of the lower yield. Generally speaking, Goldthorpes 
or other wide-eared sorts were grown in the North of England, 
and narrow-eared sorts in Norfolk and Suffolk and the 
Southern counties. In Scotland, what is kno'wn as Common 
barley is generally a mixture of Chevaher and Archer types. 
What is commonly called in Scotland Chevalier was more 
frequently than not wide-eared barley of one or other of the 
more recent of the older sorts. This is rather significant,, 
because Chevalier is a term applied often loosely in Scotland 
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to the more even and brighter-looking barley of higher value, 
regardless of variety. In Lincoln, Chevaliers, Archers and 
wide-eared barley were met with, and it would be hard to 
say which was the most popular. 

Local conditions of all sorts have, of course, determined 
this state of things; but it seems to be generally considered 
that the wide-eared barleys suit the later situations best, so 
far confirming the results of the Danish experiments. 

The Danish results as far as they go have not shown that 
any one type of barley is better than others in respect of both 
yield and quality, but the Danish climate is against quality 
in the high-yielding Archer type, which, to get good quality, 
needs to be sown early, and, on the other hand, the conditions 
in Denmark seem to be more against yield in the wide-eared 
sorts than in England, owing probably to the ears breaking 
more readily in dry summers. 

I shall now very briefly refer to some comparisons made 
between Archer and Goldthorpe by the Irish Department 
of Agriculture in Ireland, which have some bearing on the 
foregoing Danish experiments. 

From 1901 to 1905 two-acre plots of several plots were 
grown alongside in some of the barley-growing districts of 
Ireland. Between 1901-1904 comparisons between Archer 
and Goldthorpe were made in the case of twenty -six adjoining 
plots of each race. Whilst there were many more cases in 
the Danish experiments where the yield was better with 
Goldthorpe, the average yield of the Irish plots was four 
bushels per acre higher with Archer barley. 

The following table shows the average yields for each race 
in each year: 

Table X 



Archer 

Goldthorpe 


Bushels per acre 

Bushels per acre 

1901 

47i 


1902 

49 

47 

1903 

38^ 

S3i 

1904 

42 

40| 


Average 44 

40 


With regard to quality, the Goldthorpes were slightly 
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better, but not nearly enough so to compensate for the lower 
yields. 

English and Scotch Chevaliers were tested between 1904 
and 1906, but did not give as good average results as Archers 
and were therefore discontinued. 

The Irish results confirmed those obtained in the Danish 
trials, although the climate is so very different. 



CHAPTER XII 


NEW AND IMPROVED RACES OF BARLEY 
GROWN IN GREAT BRITAIN 

Extravagant claims are made for so-called (I say ‘so-called’ 
advisedly) ‘new and improved’ races of cereals, although at 
first sight it might appear fairly easy to secure very great 
improvement when we recall what has been done with roots, 
fruit and vegetables. 

Louis de Vilmorin (1852) succeeded in breeding and selecting 
races of sugar-beet with double the sugar content of the older 
races. In the Napoleonic era the average sugar content of 
the roots was about 7 per cent. Many years ago I saw a 
certificate of a sugar-beet factory showing a farmer’s delivery 
of roots averaging 19-9 per cent, by weight of sugar, and the 
percentage has probably increased of late years. 

But the barley we use is the seed of a plant and we cannot 
modify the seeds of plants to anything like the same extent, 
or at anything like the same rate, .as we can modify their 
somatic structure. We can, however, by selection and 
hybridization increase the value of our existing races of 
barley. 

There are no official records of the area of races of barley 
under cultivation in England and we have only rather un- 
certain data on which to make rough estimates of the relative 
acreages in the past and present of different races. But I 
have been given the opportunity of looking through the 
records of entries for the Barley Competitions of the ‘Brewers’ 
Exhibition’ for each year since the Exhibition started, in 
1879. In these lists of entries for the years 1887-90, 88 per 
cent, of those to which varietal names were attached were 
Chevaher barleys. The prize lists are available only since 
1911, but I think there can be no doubt that in all the earlier 
years the prizes for malting quality went to Chevaliers in 
as high a proportion as the entries. Anyway, the champion 
prizes went to Chevaliers in each of the four years 1911-14, 
when the proportion of Chevahers had fallen to an average 
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of 56 per cent. Between 1886 and 1914 the names of about 
twenty-four races appear. 

From 1919 (when the Exhibition was re-started, after the 
war of 1914-18) the entries of Chevalier barley went on 
steadily falling, and between 1926-36 only 2 per cent, of the 
named races were Chevaliers, and in no one of these years 
did a Chevalier sample get a champion prize. In 1938, of 
58 entries 31 were Plumage-Archer, 19 Spratt- Archer, and 
2 Golden- Archer.^ 

This record alone would afford only slight evidence of the 
spread of the new races produced, but the summarized 
figures (see Table XI) of the percentages of samples of barley 
tested by the Official Seed Testing Station at Cambridge give 
more substantial evidence. 

It will be seen that the greatest number of samples were 
represented by the races Spratt-Archer, New Cross, Plumage- 
Archer, Plumage and Golden Archer. In the later periods 
Spratt-Archer and Plumage-Archer have gained on the other 
races. The number of Spratt-Archer samples in the later 
periods exceed those of Plumage-Archer, but taking all the 
Warminster-bred races into account it will be observed that 
they have fairly well maintained their numbers. 

There is at least prima facie ground for assuming that 
Spratt-Archer and Plumage-Archer, of which the acreage 
must have about doubled in each of the first ten years after 
their introduction, and to an even greater extent since, have 
something to recommend them either to the grower or to the 
purchaser of the crop, or to both. 

In addition to the evidence of the economic agricultural 
value of these hybrid races, which is afforded by their wide 
spread, and possibly is a part cause of their rapid spread, 
they have been very completely tested in systematic trials 
by the Department of Agriculture in Ireland and by the only 
responsible body in England which carries out such trials in 
widely separated areas, viz., the National Institute of Agri- 
cultural Botany (N.I.A.B.), at six different stations in England 

old Chevalier strain is now practically extinct in this country and I 
tninK the cmer reasons for its disappearance are that it has a weak straw, a 
permanent habit of kinking at the uppermost node or knot of the straw, and 
m consequence, in some seasons, a fair proportion of the ears nearly touch 
me^oun(^ also it is not a high yielder. Farmers have found either Spratt- 
Archer or Plumage- Archer more profitable. ' ' 
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over a series of years, and as a result of these trials they have 
been recommended by the Institute to farmers in this country. 
The results of the N.I.A.B. trials are on record. 

The ‘ Official Seed Testing Station ’ for England, established 
in 1922, and conducted for the Ministry of Agriculture by the 
National Institute of Agricultural Botany, Cambridge, receives 
for testing each year between 1,000 and 2,000 samples of 
barley from farmers and merchants, with varietal names 
attached. The table below gives the percentages of the 
samples tested over a series of years.^ 


Table XI 



Crop 

1922/3 

Crop 

1935/6 

Crop 

1936/7 

Crop 

1937/8 

Crop 

1988/9 

Crop 

1939/40 

Total number of named 







barley samples . 

1,088 

886 

1,376 

1,496 

901 

1,571 

New Races 

% 

% 

% 

% 

% 

% 

Spratt -Archer 

20 

37-4 

35-8 

400 

41-6 

42-2 

New Cross 

, , 

4-9 

5 5 

4-8 

8-8 

8-3 

Plumage-Archer 

16*6 

30*1 

27-2 

25-9 

26-6 

28-8 

Plumage 

6-4 

10-5 

12-3 

10-6 

10-0 

9-6 

Golden Archer 


3-4 

8*3 

4-6 

5-4 

5-0 

Totals : 

250 

86*3 

84*1 

85-9 

87-4 

88-9 

r Warminster-bred races — 






1 

|_ % of above total 

920' 

510 

510 

490 

48-0 

4,8-8j 

Other Races 






1 

Standwell 

13*2 

1-7 

, , 

1-4 



Chevalier 

12-4 

15 

, , 

1-5 



Archer ^ . 

10-2 

3-4 

1-9 

1-9 

. , 

2-0 

Burton Malting 

, 6-9 

10 





Winter .... 

7-6 






‘1917’ .... 

50 

0-3 





Maltster 

4-4 

1-2 


1-5 



Goldthorpe . . . i 

3-4 

1-2 





Binder . . . . j 

2*7 

0-3 





Other named races (all ] 







below 1 or 2%) . , ] 

9*2 

31 
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Part of the history of Spratt- Archer and Plumage- Archer 
has been written by Dr. H. Hunter (1926) in his very valuable 
and unique contribution The Barley Crop^ wherein is given a 
^ See Journals of N.I.A.B. 

® Mostly ‘Beaven’s English Archer’, distributed in 1905. 

® Includes more recent Warminster-bred races, distributed since 1932. 
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detailed account of the most extensive series of experiments 
with barley, considered as malting material, which has ever 
been carried out in the United Kingdom. This account 
relates much which is of value to farmers, maltsters and 
brewers alike, and more than has ever before been brought 
into so small a compass. 

Spratt-Archer is a hybrid race, selected by Dr. Hunter in 
1908. The Archer parent was one of the selected Prentice 
barleys, all descended from a small stock of English Archer 
barleys. The Spratt parent originated in the nursery at 
Warminster. The first field crop of Spratt-Archer was grown 
in England in 1920. 

In the early nineties 1 had been buying a quantity of Spratt 
barley {at that time grown quite widely in the Fen districts) 
and I made several selections of different races of Spratt, one of 
which I multiplied and sent to the Irish Department of 
Agriculture. It was grown on some of the peaty soils in 
Tipperary, and it was from this particular barley that the 
Spratt parent of Spratt-Archer originated. 

Plumage-Archer is a selected hybrid race resulting from the 
cross-fertilization at Warminster, in 1905, of two ‘pure races’ 
selected at that station, viz., ‘Plumage’ and ‘Archer’. 

These two hybrid races are two-rowed barleys, but not of 
the Chevaher type. Fig. 16 shows typical ears of (1) Spratt- 
Archer and (2) Plumage- Archer. . 


Probable Cause of the Spread of the New Races 

OF Barley 

Between 1922 and 1929 amongst the principal races of 
barley cultivated in Great Britain were Plumage-Archer, 
Spratt-Archer, Plumage, Standwell, New Cross, Burton 
Malting, Chevalier, Goldthorpe, Pembroke, Archer Stiff Straw, 
Binder, Beaven’s Archer, Archer, Golden Pheasant. Subse- 
quently, of the newer hybrid races the most extensively grown 
were Plumage-Archer, Spratt-Archer, Standwell, New Cross 
and Pembroke. 

It would be interesting and instructive to seek for the cause 
of the rapid spread of some 6f these new races, notably, the 
two first -named. 

The estimates of the Ministry of Agriculture for the average 
yields of barley in Great Britain during the years 1922 to 1929 
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inclusive indicate that there was a steady increase in yields 
of barley amounting to about 6 or 7 per cent, for the average 
of these years compared with the previous ten years. This 
continual rising productivity was probably partly due to 
good seasons, but I think still more due to the introduction 
and spread of the more productive races. This was fairly 
evident to all observers, and to myself in particular, because 
in almost every one of those years I visited at harvest time 
every considerable barley -growing district from Somerset to 
Fifeshire. 

I submitted the figures above referred to to Dr. F. G. 
Gregory, of the Department of Plant Physiology and 
Pathology, Imperial College of Science and Technology, 
London, for statistical examination, and his conclusion was 
that the probabilities against tliis sharp increase being a 
fluctuating result were overwhelming. 

The regularity of the increase compared with the seasonal 
fluctuations of the previous period negatives the conclusion 
that good seasons contributed to any considerable extent. 

It was also noted that for the same period other crops, such 
as roots and hay, showed no such steadily rising yields in 
these years. We may therefore look to some cumulative 
cause for these results, such as : 

1. Reduced acreage, — ^The acreage of barley in Great Britain 
(excl. Ireland) dropped from 1,728,000 acres in 1910 to 
1,521,000 in 1922, and dropped again to about 1,220,000 acres 
in 1929, with a slightly falling yield with considerable fluc- 
tuations in the earlier period and a steady and considerable 
rise in the latter period. 

This gives no indication that reduced acreage has generally 
tended to increase yields. Furthermore, between 1885 and 
1895 there was a fall in the wheat acreage in the United 
Kingdom of more than one miUion acres, viz., from 2,553,000 
to 1,456,000; and again between 1898 and 1903 from 2,158,000 
to 1,621,000. In neither period was any correlation shown 
between acreage and yield. These facts appear to negative 
the conclusion that the falling acreage accounted for the 
increased yields. 

.2. Effect of sugar-beet preceding the barley crop, — ^There has 
been a progressive average increase since 1922 of the area 
under sugar-beet and this has no doubt been followed by 
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higher yields of barley where barley has followed this crop. 
The acreage under sugar-beet during 1922-29 averaged about 
7-5 per cent, of the barley area.^ If in that period 50 per 
cent, of the sugar-beet acreage were followed by barley (a high 
estimate), and if the consequent increased yield were 10 per 
cent., the average yield of barley in Great Britain would have 
increased from this cause by only about 0*4 per cent. 

8. Increased me of nitrogenom manures. — Comparing 1927 
with 1918 the position with regard to the quantities of 
artificial manures used in Great Britain (as estimated by the 
International Institute of Agriculture) was as follows : 

Potash manure . . . About stationary. 

Superphosphate and basic slag Decrease of about 300,000 

. tons. 

Nitrogenous manures, viz., sul- 
phate of ammonia, nitrate of Increase of about 80,000 
soda, synthetic nitrate, etc., tons.^ 
and guano. 

4. Higher yielding races* — ^The evidence that the new races 
introduced have contributed largely to increased yields is, I 
think, conclusive. It is contained in the reports of: 

1. The Irish experiments from 1909 to the present date. 

2. The N.I.A.B. variety trials. 

8. The Essex N.F.XJ. census in two successive years. 

4. Returns of the Ministry of Agriculture relating to races. 

5. The relative number of samples of the higher yielding 

races sent to the O.S.T.S. 

The operations of (1) and (2) carried on systematically 
over, a long series of years have no doubt also contributed 
to increased yields. 

Economic Value of the Increased Produce 

An increased yield of 6 to 7 per cent., assuming that all of 
it has been sold, or used, in place of imported barley only, 

^ The average acreage under sugar-beet in Great Britain for the ten-year 
period 1929-38 was 322,000, or 32*5 per cent, of the barley acreage over the 
same period. 

2 This estimate of increased applications of nitrogenous manures is probably 
a fair estimate because it credits the whole of this increase to arable land and 
ignores the greatly reduced irate of phospWes. 
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has been equivalent to an increased net annual return to the 
farmers of about £750^000, or £6,000,000 in eight year?. 

On the evidence available it is fair to assume that £500,000 
of this is due to improved races, equal to about eight shillings 
per acre on the whole barley area of the country, and to 
probably more than this on the acreage of the improved 
races, taking into account that these have been well proved 
to give not only higher yields but also better quality grain. 
This figure compares fairly closely with the available data for 
the increased value per acre of the new races. 

These results may be expected to continue as long as new 
races are exhaustively tested for both yield and quality 
before distribution. 



CHAPTER XIII 


PRODUCTIVITY AND QUALITY 

For agricultural purposes we have to breed for both pro- 
ductivity and quality and we can make no substantial 
progress unless we can identify these factors. We must put 
productivity first because the question is becoming more and 
more important and is necessarily the main concern of the 
farmer. 

The productivity of any crop, that is of any aggregate of 
plants growing side by side, depends entirely on environ- 
mental extrinsic conditions and on the intrinsic heritable and 
persistent characters of the seed, and the effects of these two 
sets of conditions interact at all stages of the life of the plant 
and therefore jointly affect both the productivity and the 
quality of the grain. 

Both yield and quality of produce are ‘responses’ of the 
race to environment in as great a measure as they are fixed 
characters of the race, and an important part of the problem 
in plant breeding, as in animal breeding, is to discover the 
responses of the race to its environment. In individual 
plants it is often, but not always, possible to distinguish 
variations which are inherited from variations resulting from 
environment. 

Yield of grain per acre is determined by relations between 
the plant and its surroundings and by responses which the 
race makes to the soil and environment in respect of its seed 
formation. Yield also depends to a great measure on 
maturation of the grain, assisted by continually favourable 
weather at the time when the grain is filling out in the last 
stages of its growth. 

It is very important that growers should select high 
yielding races and preferably those which will at the same 
time give good quality grain. It is fairly clear that a race 
with a long growing period is likely to give a better yield 
than one with a short growing period, and therefore it is 
probably desirable to select for any locality a race with as 
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long a growing period as the ordinary climatic and farming 
conditions of that localit}’^ permit. Differences in yield 
between good and inferior races may be considerable, whilst 
characters like standing power of the straw may make or mar 
the harvest. Yield is not simply prolificacy. One may have 
exceptionally prolific plants, but unless there are enough of 
them one does not get a crop. 

With regard to quality, a definition is the first essential 
and then the factors which contribute must be isolated. A 
definition of quality which would be generally accepted 
presents a host of difficulties. Assuming grain to be of 
possible malting quality in respect of ripeness, condition and 
vitality, which are essentials and fairly well indicated by the 
colour of the grain, it would be a good thing if we could 
further define quahty in terms of something which is intrinsic 
in the grain and which is also related to the same conditions 
of cultivation which affect yield. Quality (for which the 
farmer gets some extra return) cannot in fact be defined in 
scientific or, as far as I know, in any other sort of language. 
It is a matter of so-called ‘expert’ judgement in relation to 
the use to which the better kinds of barley are put, viz., to 
the manufacture of what we know as our national beverage. 
I suggested forty years ago in various published papers that 
‘ quality ’ in this sense had some connection with the ratio of 
the carbohydrate to the nitrogenous matter of the endosperm 
and now there is a tendency to have regard to this ratio. 
Sir Rowland Biffen, I believe, found it useful in selecting 
wheats and I have myself persistently selected in the F.2 
and subsequent generations for low nitrogen content. The 
fluctuating variability due to environment in this respect is, 
however, so great as to make this selection a lengthy and tire- 
some business, and disappointments are much more frequent 
than successes. 

In wheat, quality is mainly a matter of ‘strength’, and 
strength generally goes along with high nitrogen content.^ 
With barley it is, as far as analogy is permissible, in many 
respects the opposite of strength and goes along with low 
nitrogen content. We are told that for flour there is a scale 

^ Comparative ‘strength’ in wheat appears to be quite definitely a racial 
character to a great extent independent of external conditions (see ‘ Inheritance 
of Strength in Wheat’, Biffen, Jnl, Agric. Sci.; iii, 86, 1908). 
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called ‘bakers marks’. Probably the number of bakers’ 
marks which a certain wheat will give depends to some extent 
on the methods of the miller. Certainly if a scale of brewers’ 
marks for barley is ever adopted, something will depend on 
the maltster, but assuming, to simplify matters, that the 
maltster does his best, how would brewers’ marks be given? 
Bakers’ marks have something to do with the size of the loaf 
and the brewer has a scale which in a way corresponds, called 
‘extract’. A given weight of barley ultimately gives a 
certain weight of extract and the amount of this depends 
partly on the size of the grain and partly on what is called 
‘free working’ quality, which latter character is closely 
associated with low nitrogen content. 

In England, the quality of barley often counts far more in 
value per acre (within limits) than does yield, and should 
therefore be taken into account to a greater extent than has 
been the practice hitherto. Like the ‘ strength ’ of wheat it de- 
pends largely on growth and maturation, but in this country 
barley rarely reaches the stage of full growth and full ripening, 
except perhaps in a few favoured spots on the East Coast in 
an exceptionally good season, for reasons such as excessive 
rainfall and lack of sunshine, or drought causing premature 
ripening. 

Soil, weather, and the farmer, all taken together, have 
more influence on the quality of barley for any purpose than 
has the plant breeder. 

Variations in quality, apart from variety, are for the most 
part due to climatic conditions. Seasonal influences certainly 
outweigh all others. More often than not the grain never 
really gets filled out with starch- Season mainly determines 
quality, and quality in the old sense meant maturity. 

To ensure good quality in barley the ears should be slightly 
bent, the grain hard with wrinkled coat and the straw 
dead ripe. Unfortunately dead ripe straw has a low feeding 
value, but in any case barley straw has not, on the whole, a 
high reputation as feeding, material for animals in this 
country,^ 

When considering quality the question of ‘lodging’ should 

1 The decline in the acreage of barley in the grazing and dairying districts 
has probably come about because oats can be used when less ripe than barley 
and the straw makes better cattle-food. 
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not be overlooked. It is generally the heavy-yielding crops 
that go down. Just as the grain is ripening off the whole 
plant leans from the crown of the roots, which is generally 
about half an inch under the surface. This can hardly occur 
without the roots being loosened to some extent. The 
incidence of lodging’ therefore usually depends on the con- 
dition of the soil or the strength of the roots. Incidentally, 
it must be remembered that ‘lodging’ increases the cost of 
harvesting. 

Extrinsic Factors or Productivity and of Quality 

As with all other farm crops, the main factors of pro- 
ductivity and also of quahty are the soil and the seasons. 
Furthermore, there are complex relations between these 
conditions on the one hand; and on the other hand, the racial 
characters of the plant. 

Soil 

Soil conditions, dependent temporarily on weather but 
mainly on physical and other conditions which determine its 
texture and tilth, such for instance as distinguish loams and 
clays, are largely uncontrollable by any methods of cultivation. 

The natural character of the soil determines whether on 
any average of years barley is a profitable crop to grow. It 
is unfortunate that the soil conditions which generally favour 
yield are frequently not those which give good quality. There 
are many soils, and even districts, which rarely grow barley 
of good quality. As good a plant of barley as of wheat 
(sometimes too good) can be produced on a good soil, but 
with the best of weather maturation will be wrong and , con- 
sequently the quality three years out of four will be coarse. 
There will be too much vegetation and seed formation will 
be too prolonged. A very poor, hungry soil, on the other 
hand, may give good quality with an extra favourable season, 
such as will conduce to growth without check: just enough 
rain to enable the plant to make the best of what there is in 
the soil: and not too much drought to shorten the period of 
grain formation unduly and so give premature ripening. 

In the long run the best barley soil is that of medium 
natural strength: light medium perhaps rather than heavy 
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medium. A marl is not so good because it is generally heavy 
medium. 

In respect to adaptation of races to soil conditions within 
the limits of the English barley-growing areas, wide-eared, 
two-rowed barleys are more generally grown on the richer 
soils and narrow-eared on the lighter soils. 

We cannot at present explain why one race of barley may 
give good results on a soil on which another will give bad 
results, but if we knew more about the parentage of our 
races we might be in a better position to offer some rational 
explanation instead of having to be content with empirical 
results, and to depend mainly on experience. Races of barley 
have acquired their special habits along with their particular 
structure as a result of exposure through many generations 
to special conditions, and along a line of research which 
will tell us the past history of our present races we may 
arrive at useful results and get to understand why they are 
respectively suited for particular soils. 

Seasons 

Weather conditions affect quality of grain quite as much 
as, or more than, soil conditions. Fortunately good weather 
conditions, unlike those of the soil, favour good quality as 
well as grain formation and good yield. 

As to weather conditions generally, good barley growers for 
the most part are of opinion that an essential for quahty is 
that the plant shall grow without check. Too dry a seeding 
time means of course an unequal start. The influence of 
weather at later stages varies so greatly with different soils 
that even if the same weather conditions prevailed (as never 
happens) in different parts of the country, it is fairly certain 
that some districts would give better results in one season 
and others in the next. All the various conditions have far 
less influence on the yield and quality of barley than the 
seasons have. Adverse atmospheric conditions may easily 
affect the bulk of the crop in this country to the extent of 
30 per cent. 

Weather does not affect all races of barley to quite the same 
extent, but it affects them all approximately to the same 
extent. If the weather of two consecutive years made a 
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difference of 10 per cent, in the average yield of two races, 
it might make a difference in the same direction of 8 per 
cent, to one and 12 per cent, to the other. That would be 
about the limit. 

In any field on which barley is grown as a farm crop, 
under normal conditions of culture and race, seasonal con- 
ditions being the only variant, the ^probable error’ of the 
yield of barley due to climate alone is of the order of 4 cwts. 
per acre where the average over a long series of years is 
20 cwts. 

The dependence of both productivity and quality on a 
combination of soil and atmospheric conditions is illustrated 
in Table A (Part II, p. 366), cols. 1, 2, 4, 5, 9 and 10, 
which show {a) average number of surviving plants, per 
square yard; (d) average number of ears per plant surviving 
at harvest; {e) average weight per ear; (M) the migration 
coefficient: {y x -08) = approximate cwts. of grain per acre; (n) 
average nitrogen per cent, of dry grain; for different races 
(not always the same but chosen for some special qualities), 
in 25 successive years on replicated chequer-board plots in 
the barley nursery at Warminster. 

These figures show that not only is produce of grain de- 
pendent on these external conditions, but also that all the 
characters of the plant and of the grain vary with these 
conditions. It is of course impossible to keep any patch of 
soil, however small, always in possession of the same supply 
of plant nutrients, and the condition of the soil in this respect 
interacts with the seasonal conditions. This accounts for the 
wide differences in yield from year to year on the Warminster 
nursery plots, although the area of them is only about 
fourteen perches and is the same year after year. 

In addition to these largely uncontrollable conditions, it 
should be remembered that barley has many enemies, such 
as birds, hares, rabbits, mice, etc., as well as wireworm, 
thrips, gout-fly, etc. 


Gout-fly {Chlorops Taeniopus Meig.) 

Low yield in England is without doubt largely due to the 
ravages of the gout-fly. In some seasons this insect causes 
serious damage to barley crops. In 1937 a farmer friend of 

H 
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mine (one of the best barley growers in Wiltshire) told me 
that the infestation of gout-fly was going to lose him half 
his crop. Seeing that he was growing some of my new hybrids 
I was very much concerned and made a careful inspection of 
his fields. 

In the first big field in the Wylye Valley, which had been 
sown rather late on land which had evidently been more or 
less waterlogged in the early spring, I estimated that more 
than half the plants had failed to mature and that this failure 
was largely due to gout-fly. I put the probable yield at 
3 quarters per acre. In another much larger field, on higher 
ground and on much lighter land, the attack was only slight 
and the yield looked like being somewhere about 6 quarters. 
This field had been sown rather earlier than the former. 
Both fields were growing Plumage-Archer. 

On an adjoining farm I found an eighty-acre field of Spratt- 
Archer, which looked like a 3 quarter crop. It was as 
badly infested as the first field inspected. It was on high 
ground, certainly not waterlogged, and sown late in April. 
There was also another large field of Spratt-Archer, sown 
earlier but nearly as badly attacked. All this land was well 
farmed. 

I visited in the same year various fields of barley in Wilts 
and Berks between Warminster and London, and every one 
of them had more or less bad infestation, always more severe 
on the lower-lying and later-sown fields. 

I found more gout-fly on these inspections than I have 
observed in any previous year whilst on barley tours. In 
some fields it was probably responsible for reducing the yield 
to the extent of 50 per cent. 

At Cambridge plant-breeding station in 1937 big patches 
of barley were decimated by this pest, and Dr. Hunter 
estimated that the damage done to farm crops in general in 
that year was over 10 per cent, more than usual. 

My own conclusion is that in this particular year we were 
suffering from two broods of gout-fly. The first brood, owing 
to suitable weather conditions, attacked the young plants 
some time late in May and destroyed them; and the second 
brood (probably about a thousand times more numerous) 
attacked the plants at a later stage, when fortxmately less 
harm could be done. 
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Gout-fly in 1937 was less prevalent in the North of England 
(and in Scotland), where the yield was much higher than in the 
Eastern counties. 

I suggest that the degree of severity of gout-fly attack 
depends on the extent to which the date of emergence of the 
fly from its winter quarters (which time is variable with 
weather conditions) coincides with a stage of growth of the 
barley plant favourable to the insect, but variable with local 
climatic conditions and with time of sowing. Some late- 
sown barley escapes, or suffers slightly, so it seems that a bad 
attack of gout-fly may not always be due to late sowing. 

Some way of exterminating this pest should be discovered, 
for it is responsible in this country, in some years, for damage 
to the extent of many hundred thousands of pounds. It is 
the only serious barley pest we suffer from and it should be 
very systematically investigated. 

Intrinsic (or Genetic) Factors of Productivity 
AND OF Quality 

As between different races of barley there are inherited 
differences, and the first thing a plant breeder should do is 
to satisfy himself as to which are the intrinsic factors of 
productivity and of the quality of the produce to be aimed at, 
I think it is fairly obvious that, first, one must have 
vigorous individual plants and that the degree of vigour can 
be estimated by the number of shoots produced from each 
seed. Some sorts of barley tiller more freely than others. 
Of course extra tillering capacity is not required if the ground 
has been seeded thickly because the ground will not carry 
more than a certain number of stems, but it is certainly of 
value when the crops have become badly thinned by adverse 
conditions. Secondly, the individual plant must be capable 
of migrating the reserve material accumulated in the stems 
and leaves into the seed, or, in simple language, of producing 
a high ratio of grain to straw. Then we can proceed to 
discover, if possible, whether these attributes are differentially 
inherited as between races and set about breeding and 
selecting for them. 

There is a very marked difference as between different 
races in the proportion of grain to straw. In some seasons 
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the grain threshes out of the straw better than in other 
seasons and I have no doubt that what holds good as between 
different seasons and different soils also holds good as between 
different races. If a plant has a good seed-forming energy 
that, in my opinion, is one of the most valuable characters a 
race can possess. 

I have learnt from my own nursery and field cultures, and 
from the study of different races of barley in this and other 
countries, that on any one area, large or small, there may be 
differences in value between two races in any one year, due 
to the inherited characters of the seed, amounting to at least 
20 per cent. We therefore may safely say that racial character 
is an economic factor of great importance even if it has not 
as much effect as the extrinsic factors. Immunity from 
certain diseases is also a racial character, but is more or less 
independent of external conditions.^ 

The intrinsic, heritable characters are more or less under 
our control and much can be done by experimentation 
followed by biometrical analysis of our material. If, for 
instance, we cannot profitably grow any race of barley, or 
perhaps any other cereal, with less rainfall than an average 
of ten inches per annum, we can by experiment ascertain 
which race will best multiply under such and other adverse 
circumstances, or that method failing we must construct 
such a race by hybridization, or possibly by repeated 
hybridization. 


Nitrogen Content and Malting Quality 

Lawes and Gilbert (1857), writing on this subject, seemed 
to take it for granted that high nitrogen content of the 
barley grain goes with low quality and, inversely, low nitrogen 
with high quality, but they never seemed to follow up the 
idea. 

They say; 'It has been seen that an increased percentage 
of nitrogen by the use of it in manures is, if beyond a com- 
paratively narrow limit, most probably accompanied with a 
depression in those qualities which in practice give high rate 
of value to the corn. This applies more particularly where 


E»isease Resistance’, Biffen, Jnh Agr, Science, ii, 109 , 
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the demand is chiefly for malting purposes. Upon the whole, 
then, slightly larger proportional return of nitrogen in increase 
for nitrogen supplied in manures, where the larger amounts 
of the latter were employed, is but a very questionable 
advantage’. 

Munro and I (1897) furnished a mass of evidence (mainly 
derived from Rothamsted) that what at that time was com- 
monly called ‘quality’ was, in point of fact, ‘maturation’, 
and that tliis was generally associated with low percentage 
nitrogen content due to relatively more favourable carbo- 
hydrate assimilation. 

The subject of nitrogen content in relation to malting 
quaUty seemed a ‘dead letter’ in this country for about 
twenty years until the late H. F. E. Hulton (1922) collated 
aU the more important results of previous investigations on 
this very difficult subject. Still later very valuable contribu- 
tions to this subject were made by Dr. L. R. Bishop (1930) 
and we are now obtaining more light on the problem. 
Dr. Bishop’s work, which has been added to since 1930, 
greatly elaborates the conclusion, based on some further 
experiments made by Munro and myself (1900), namely, that 
low nitrogen content of barley is generally associated with 
high brewing extract, although, of course, tliis is not the 
only character of the grain which is essential to the maltster 
and brewer. 

It was then, and still is, quite certain that the market value 
of barley, as judged by experts, is much more often than 
not lower for high than for low nitrogen barley. In fact 
low nitrogen content in barley is considered to be an index 
of high quality. 

The Barley Valuation Committee of the Institute of 
Brewing, for the years 1929-34, valued 144 pairs of samples, 
each pair representing two races grown alongside each other 
on the plots of the National Institute of Agricultural Botany 
at five or six different stations in England: the nitrogen 
content of the samples dealt with not being known to the 
valuers. In 67 cases the pairs were valued in the reverse 
order of their nitrogen content, the average difference being 
•075 per cent, of nitrogen. In 61 cases the valuation was the 
same for each sample of the pair; and the average difference 
in nitrogen content was *062 per cent. In only 16 cases out 
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of the 144 were the higher nitrogen barleys valued above 
those of lower nitrogen content, and in these cases the 
average difference between the pairs was very low, namely, 
•037 per cent. From my own experience I should put the 
average error of sampling and of analysis at about equal to 
this latter quantity. 

In our climate, and with our general farming conditions, 
we are not at all likely, even if we try, to produce races of 
barley with too low a nitrogen content. There will always 
be plenty of high nitrogen barley in the world and for this 
reason I personally should continue to breed races for low 
nitrogen content. 



CHAPTER XIV 


EFFECTS OF CULTIVATION ON PRODUCTIVITY 
AND QUALITY 

Period of Sowing 

Generally speaking, within the United Kingdom, conditions 
which admit of early spring sowing and relatively early 
maturation are those which give the best quality barley. 
The period of sowing depends largely upon the character of 
the season and of the land. March is the typical barley- 
sowing month in England, but barley may be sown as early 
as February if the soil is fit, or even as late as May. The 
best plan is to fallow and sow as early as possible: early 
sowing being more conducive to good quality and often to 
high yield, and to lower nitrogen content in the grain, which 
means a crop of high malting quality. Also the advantage 
of early sowing is that spring droughts are often avoided. 
Lisle in his Observations referring to this subject says: 

‘It was Christmas {anno 1702) and farmer Biggs, farmer 
Crap, Mr. Bachelour, and farmer Hascall were with me: I 
proposed to them the advantage of sowing barley and summer- 
corn earlier than they did by a week or a fortnight, in case 
the land was in any good heart, and in dust, for the damage 
by what might die by bad weather would not come to so 
much as was always lost by drought. Farmer Biggs and 
farmer Crap were of my opinion, but Mr. Bachelour differed 
from us, which seemed to arise from his sowing poor, land 
early, but I grounded the supposition on the land being in 
good heart; however we all agreed, that the earlier barley 
was sowed the finer it was, and the later the coarser, which 
must arise from the first having its growth from its earing 
in a hotter time, whereas that sowed later has much the 
colder time; so rath-ripe barley is generally the finest’ (p. 98), 
In the South and East of England barley is usually sown 
in February or March. In the North-East of Scotland sowing 
is generally approximately a month later. 

119 
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I have no evidence myself that low yields invariably follow 
late sowing. Yields are always higher in Scotland and in 
Ireland, with invariably later sowing than iti England, and 
generally higher in Yorkshire than in Norfolk, again due to 
the later sowing period in Yorkshire. 

Races with prostrate habit are suitable for autumn-sowing : 
they make more growth of root and less growth of stem, but 
tiller well during the winter and are more frost-resisting. In 
the case of barley where winter-hardiness is of first importance 
the ordinary six-rowed winter forms are the most satisfactory. 
In some cases both Spratt-Archer and Plumage- Archer, the 
two more recently produced hybrids, survive the winter 
satisfactorily, but they are not winter-hardy in the accepted 
sense. 


Nitrogen Content in relation to Period of Sowing . 

During the period of grain formation the combined soil 
and weather conditions are the predominant factors de- 
termining the ratio of nitrogenous content to carbohydrate 
of the grain, and the length of the growing period during the 
vegetative stage is not a material factor. 

Whilst there is probably a difference of up to 25 per 
cent, in the nitrogen content of any 100 grammes of barley 
as between different years with spring sowing every year, I 
should expect a very much lower difference as between winter 
and spring sowing in the same year. But it would take a 
great many years of experimentation under differing con- 
ditions of soil and climate to determine whether the average 
nitrogen content was higher or lower with winter sowing and 
the consequent earlier seed-forming period. 

It would be interesting to see how far it is possible to 
predict nitrogen content from weather effects. I think it is 
certain that the plant generally accumulates a large pro- 
portion of its total nitrogen early in life ; and that it migrates 
most of its nitrogen to the seed late in hfe; also that the 
accumulation and synthesis of carbohydrate is checked by 
drought, the net result being generally high percentage of 
nitrogen content in the grain in droughty seasons. This 
being the case, it would seem that as early sowing as possible 
in order to check the effects of this latter condition would be 
advisable. 
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Rate of Seeding 

The amount of grain to be sown is usually determined by 
the condition of the soil and the season of drilling. Thick 
seeding improves the quality without affecting the yield. 
Thin seeding and excessive tillering nearly always give coarse 
grain. The usual seeding rate is from 2| to 8 bushels 
( = 140 to 1C8 lbs.) per acre, but barley can be sown even 
more thickly with advantage. The rate of seeding, however, 
depends largely on the tillering capacity of the race and it is 
very important to select a race which, given good weather 
conditions, will produce well-developed grain. Most farmers 
in good districts sow 3 bushels to the acre and are of the 
opinion that a moderately thick plant conduces to ‘ kindliness ’ 
but not to large grain. I think it is fairly certain that by 
sowing 8 bushels to the acre more ears and smaller ears 
will be obtained than by sowing 2 bushels, and there will 
be lower nitrogen content and ipso facto better malting 
quality, but in respect of yield one will lose as often as one 
will gain. 

Lisle says : 

‘Four bushels of barley is generally the quantity allotted 
to be sown on one acre, but, if the ground is very good, they 
may sow five bushels ’ (p. 95). 

The grains should be sown at a depth of something between 
one and three inches according to the nature of the soil. 
Two inches is the usual depth aimed at as producing the most 
vigorous young plants, but if the soil is extra dry a depth of 
three inches is more favourable to good results. 

The following table gives approximate figures for, (1) and (2), 
the percentage survival rate of the number of grains surviving 
per square yard at different rates of sowing; and (8) the 
respective crops obtained as results of survival of plants per 
square yard and number of ears per plant at varying weights 
of grain per ear. 


[Table 
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Table XII.— Relations of (1) Seed rate; (2) Survival rate; 
(3) Yield — {a) per Square Yard, (b) per Acre 


Equivalents — 

Lbs. per acre x *0937 = grammes per square yard. 

Gms. per square yard x •024=qrs. (448 lbs.) per acre. 

Wt. of 1000 grains (dry) 33*6 gms. =40*0 grammes with 16% moisture. 

1 grain = *04 gramme. 

Wt. of 1000 grains (dry) 37*8 gms. =45*0 grammes with 16% moisture. 

1 grain = *045 gramme. 

Wt. of 1000 grains (dry) 42*0 gms. =50*0 grammes with 16% moisture. 

1 grain = *05 gramme. 


(1) and (2) Seed Rate and Survival 


Weight of a 
seed-grain 
(raw) (gm.) 

Lbs. per 
acre sown 

Number 
of grains 
per sq. yd. 

Number 
surviving 
per sq. yd. 

= viability. 

Survival 

rate 

% 


•094 




*04 


263 

50 

190 


*04 


100 

38-0 




150 

570 


..A 

140 X'“7rr = 

329 

50 • 

15-2 


•04 


100 

30-4 




150 

45-6 

•045 

♦112 = 

284 

50 

21-4 


•045 


100 

42*8 




150 

64*2 


140 X —-r = 

292 

50 

17*1 


•045 


100* 

34-2* 




150 

51-4 

-05 

112 x:^= 

210 

50 

23*8 


•05 , 


100 

47-6 




150 

71*4 


•094 


50 

19*0 


140 x^ = 

268 

100 

38*0 


•U5 


150 

57*0 


* Estimated approximate average for U.K. 
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(3) Crop 


No. plants 
per sq. yd. 

Ears 

per plant 

Ears 

per sq. yd. 

Wt. grain 

I per ear 
Grammes 

Wt. grain 
per sq. yd. 
Grammes 

Quarters 
(448 lbs.) 
per acre 

50 

1 

50 

0-7 

35 

0*8 




i 10 

50 

1*2 





65 

1*5 


2 

100 


70 

1*7 




10 


1 2*4 




1*8 

130 

3*1 


3 

150 

0*7 

105 

2*5 




1*0 


3*6 




1*3 

195 

4*7 

100 

1 


0*7 

70 

1*7 




1*0 


2*4 




1*3 

130 

3*1 


2 


0*7 


3*3 




1*0 


4*8 




1*3 

260 

6*2 


3 


0*7 


5*0 




1*0 


7*2 




1*3 

890 

9*3 

150 

1 

150 

0*7 

105 

2*5 




1*0 

150 

3*6 




1*3 

195 

4*7 


2 i 

300 

0*7 

210 

5*0 




1*0 1 

300 

7*2 




1*3 

390 

9*3 


3 

450 

0*7 

315 

7*5 




1*0 

450 

10*8 




1*3 

585 

14*0 


Probable averages for U.K, — 

100 1 1-r 1 170 1 1-0 ♦ I 170 I 4-1 


Averages for 8 yrs. in Warminster chequer-boards — 

95»4 I 217 I 208 | 10 | 202 | 48 


♦ 25 grains per ear at *040 raw, or 20 grains per ear at *050 raw. 
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Spacing 

The general theory is that when there are gaps between 
plants yield suffers. It is true that with the type of drills 
used hitherto spacing was often quite uneven, but in my 
opinion uneven spacing in general farming practice is due to 
a far greater extent to other manifold causes than to the 
admitted irregularity due to the type of drill used. At the 
same time it would be an excellent thing if a drill could be 
made which would deposit the seeds at exactly accurate 
intervals, say, one inch apart in the row.^ 

Very wide planted barleys are coarse and nitrogenous 
compared with those planted closely. I well remember an 
amateur farmer, who lived in my district, drilling a piece of 
good land with barley about fifteen inches apart, with the 
result that an enormous crop of straw was produced with 
excessively large grain of coarse quality. Of course close 
planting can easily be carried too far, and no doubt long 
experience has taught growers approximately the best con- 
ditions, in this respect, for different soils, but it is certain that 
one very common cause of uneven samples of barley is uneven 
plant growth on closely contiguous areas of the same field. 
Birds, wire worm and other enemies destroy many young 
plants, and the consequence is that the remainder are un- 
evenly distributed and some get much more soil space than 
others. 

I have been growing barley hand-planted on the nursery 
scale for forty years with even spacing, and there is no doubt 
that there is more uniformity in appearance than is obtained 
on field plots under otherwise as nearly as possible similar 
conditions. On examining my nursery and field plots I have 
observed that conditions other than spacing in plots of the 
same races in the same year would always vary. I must 
admit, however, that in looking through past records I have 
not found that even spacing gives intrinsically better value. 

As to quality, the market value of barley is much influenced 
by uniformity in appearance of the sample, more in fact than 

^ Mr. L^ke, writing in 1931, informed me that he had developed a new 
type of drill with a distributing mechanism designed to give greater regularity 
m sowing, and there is no doubt that with the more recent type of drill we 
get a better distribution of seed and increased vields; also there is a 
considerable saving of seed. 
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results justify, and I have no doubt that barley with even 
spacing is more uniform in appearance. 

A great deal of work has been done and written upon the 
subject of spacing by Professor Engledow of Cambridge in 
relation to the cereals in general and its effect on yields. 

Manubino 

Unless the land is very poor it is not considered necessary 
to apply manures to barley for spring sowing after roots or 
grass, but it is sometimes advisable to do so when one cereal 
crop follows another in rotation. To produce a remunerative 
yield barley generally wants some artificial help after another 
white-straw crop, and I think very few farmers would grow 
barley after another corn crop from which all fertilizers had 
been withheld. Indeed artificial fertilizers, properly used, 
have a high value for crop production, and I believe that 
the farmers of this country, even before 1939, spent about 
£6,000,000 annually on these. 

Results do not lend much support to the view that starva- 
tion conditions are necessary for the production of good- 
quality barley, and, as a matter of fact; absence of potash is 
distinctly detrimental to quality. Where quality is not an 
essential, the land should be in as high a condition as the straw 
will stand up to. A sufficiency of mineral manure favours 
both early ripening and good quality. 

On very light soils the following fertilizers are recommended : 
1 cwt. sulphate of ammonia, 3 cwts. superphosphates, 2~3 
cwts. potash salts to the acre, applied at time of sowing 
(usually mixed with the seed in the drill) and harrowed in 
with the seed. On heavier soils potash may not be necessary. 

Before definite conclusions can be arrived at as to the 
effects of manuring on quality of barley, samples should be 
obtained and examined over a long series of years, because 
there is nothing more certain than that soil and weather 
conditions have more effect on yield' and quality than has 
manure. 

A good illustration of this was afforded us in the season of 
1921. It was then seen that under conditions of drought 
(which are starvation conditions) the best-farmed and most 
fertile soils gave not only the best yield but the best quality. 
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This was specially marked in Essex, where good races of 
barley yielded up to eight quarters per acre of better quality 
than was grown elsewhere in the United Kingdom. 

Experiments with manures have formed a very small part 
of my scheme of barley breeding. Those that I have made 
may possibly add something to the knowledge of the applica- 
tion of specified doses of particular forms of manure to barley 
land, but no such prescriptions can be of much use to the 
individual farmer, because the amount of added plant food 
of any description required to produce a profitable crop will 
always depend on the condition of the soil before its applica- 
tion, and of this only the individual farmer himself can be the 
judge. I should say that the practical experience of the best 
farmers of to-day leads them to give barley as much plant 
food as the particular race grown can be expected to stand up 
to in an average season, and there is no doubt that the 
stiffer-strawed Wleys now introduced stand up to more 
manuring than the older sorts. 

If we are to have the optimum use of fertilizers we must 
breed races that will stand up to rich soil conditions. Tillage 
and suitable races will effect some increase of yield, but a 
further advance can be made by way of fertilizers. 

Judging from the results of such manurial trials as are 
available, artificial soil conditions (cultivation and manuring) 
give maximrun differences of about eight or more bushels 
per acre under ordinary faiming conditions. 

Researches on manurial trials carried out at Rothamsted 
(in conjunction with the Barley Research Committee of the 
Institute of Brewing and with the co-operation of a large 
number of growers) for a long succession of years have been 
very extensive. 

I do not know the ultimate conclusion of this long series 
of investigations, but I should expect that it would more 
or less confirm that made by Munro and myself (1897) 
when we carried out similar investigations on Rothamsted 
material and which we summarized in the following words: 
‘Subject to good atmospheric conditions all the evidence 
points to sufficient but not excessive nitrogen supply and 
abundance of readily assimilable phosphates as the best 
manurial condition ’. 

We found that the plot on the Hoosfleld, which had received 
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a moderate dressing of sulphate of ammonia combined with" 
a full dressing of superphosphates and potash every year for 
the previous forty years, gave by far the best result: an 
average yield of 43 J bushels over the whole period: of better 
malting quality than that grown under any other set of 
manurial conditions: and much better both in respect of 
yield and quahty than the average produce of barley in Great 
Britain during those years. 



CHAPTER XV 


MATURATION 

Munro and I (1900) writing on various conditions affecting 
the quality of English malting barley made the following 
contribution to this subject:' 

The process of maturation being in itself so complex in 
character, it is not surprising that it is dependent very greatly 
upon conditions external to the plant. Its character will 
depend, first and foremost, on climate and season. It depends 
secondly and greatly oil the natural character of the soil, 
and thirdly on its artificial conditions, that is to say, on 
the preparation, cultural and manurial, which it has been 
given. 

If, on thin, poor soils in low conditions and in droughty 
seasons, barley ‘goes off’ and ceases to assimilate, that is to 
say, ripens, in the sense of being fit to harvest, without 
maturing, the grain is thin, hard and steely. Where, to take 
the reverse set of conditions, there is strong soil in too good 
condition and weather favouring vegetation rather than seed 
formation, the result will be too prolonged ripening, the 
straw ‘holding out’ instead of ‘going off’. 

It is, however, to harvesting conditions mainly that general 
over- or under-maturation is due. The former result never 
comes about by the will of the grower, but of late years there 
is a tendency to harvest barley earlier than when all the work 
of harvest was done by hand and when necessarily the 
operations were prolonged. 

On some of the plots at Warminster it was customary to 
make paths by removing the young plants round the edges 
after the top-dressings had been applied. Even then it was 
necessary at harvest time to discard the outsides of the plots 
and remeasure the areas before weighing up the produce, 
because the plants at the extreme edges are very unduly 
developed owing to more air and soil space. The barley, 
especially of the outside drill, is invariably very strong and 
coarse. In 1899 we weighed up the grain and straw on a 
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certain length of one of the outside drills and, for comparison, 
of the two next inner drills at the time of cutting. We 
further left standing for a month, from August 9 to September 9 
(during which time the weather was very variable), a further 
length of one outside drill and the two next inside drills, to 
see what would be the effect of such extreme over-maturation. 
The following figures show the character of the grain (1) at 
the time of cutting the crop, (2) after threshing, and (3) after 
a month’s weathering. 


Table XIII ^ 



Weight 
per 1,000 
grains ^ 
(grammes) 

Mealy 
grains 
per 100 

Nitrogen 
per cent, 
of grain 

1. Grain rubbed out from barley 

as cut August 9, 1899 

Outside rank 

57-5 

27 

1*58 

Next two ranks 

51-7 

36 

1-87 

2. Grain harvested one week later and threshed November, 1899 

Remainder of plot 

51*7 

67 

1-32 

3. Weathered grains from adjoining area to 1, cut September 9 

Outside rank 

57*5 

50 

1-65 2 

Next two ranks 

51*7 

86 

1-39 2 


1 Samples 1, 2 and 3 graded to equal weight per 1,000 grains, and results 
calculated to equal moisture content, 

2 The nitrogen content of the fine flour of these two samples was determined 
as follows : outside rank, 1*50 per cent, ; two next ranks, 1*19 per cent. The 
different nitrogen content of the whole grain was, therefore, clearly not due to 
higher proportion of husk in the latter sample. 

The weight of both the grain and the straw on the one 
outside rank was nearly double that on both the two next 

I 
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ranks together. The grain of the outside rank never really 
matured, although it was badly weathered ; and it is a fact that 
barley grown on over-strong soils will not become mellow 
even with excessive weathering. This seems to point to the 
undesirability of very thin seeding, especially on strong soils. 


Physiological Aspects of Maturation and 
Over-Maturation 

We have already seen that during the vegetative period the 
plant absorbs and assimilates materials supplied by the soil 
and the atmosphere, and the absorbed matters of com- 
paratively simple chemical composition are elaborated into 
matters of more complex structure. From carbonic acid 
and water there are ultimately formed carbohydrates; and 
similarly the nitrogenous matters, absorbed probably as 
nitrates, are ultimately found as proteids. This matter, 
which is chemically more complex, is at the same time built 
up into deifinite structures in the plant, that is to say, becomes 
fixed temporarily or permanently in location, as, for instance, 
starch granules or cell-walls. But that portion of the starch 
and cellulose and proteid matter which is stored in the seed 
is so stored for a special purpose, viz., to provide for the first 
needs of the growing embryo. As soon as the embryo begins 
to grow there sets in, so far as the reserve matter of the seed 
is concerned, a reverse process. The complex matter becomes 
more simple, and structures like starch granules and cell- walls 
break down. Carbohydrates become soluble and in part 
break up into carbonic acid and water. If the seed gives 
life to a complete plant, the whole of the reverse matter 
undergoes this breaking-down process. When the grain is 
merely malted, only the first stages take place. 

Between the .up-grade and the down-grade period there is 
ordinarily a resting stage, which will be long or short according 
to the location of the seed in relation to moisture and 
temperature. We say there is ordinarily a resting stage at 
this particular period, but there is no evidence, so far as we 
are aware, that this is an absolute necessity. Some grain 
which is unripe will grow under certain conditions, i.e. it must 
be partially dried before it is attempted to germinate it. 
There may be either no resting stage, or a very short one, 
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and that not at the usual period. But these are abnormal 
conditions. They do not arise in a state of nature, because 
the grains do not at that stage separate from the parent 
plant. When grain under cultivation is cut unripe it may 
grow very well, provided there are, first of all, drying con- 
ditions. But the grain is not only one but two stages from 
being ‘fit’ for malting purposes. Grain will grow when it 
will not malt. It has first to complete an intermediate stage, 
during which matter ‘migrates’ from the stem upwards to 
the seed, and within the seed, from the endosperm to the 
embryo. It will then have reached full size and all the 
material for malting be present in the grain, but the material 
will not be in the requisite condition. Something more is 
still required for complete maturation. 

The last stage is that change in the struetiu'e of the endo- 
sperm which results in the grain becoming ‘mellow’. It then 
shows a white, mealy-looking fracture when broken and, 
what is of importance, malts easily. Exactly what happens 
within the starch-containing cells has never yet been 
demonstrated. It is pretty certain that the change is not so 
much, if at all, in the starch granules as in the ground 
substance in which they are embedded. Starch is formed 
within granules of elaborated protoplasm called plastids, and 
in the endosperm of a barley grain remains embedded in a 
kind of ‘matrix’ of very composite character. It almost 
certainly is a change, either in the physical or in the chemical 
structure, or in both, of this ‘matrix’ which gives the 
difference between a mellow and a steely grain. To a con- 
siderable extent this alteration in structure may take place 
after the crop is cut provided the conditions are favourable, 
and indeed even after stacking. 

There is a good deal of evidence to show that during the 
final stage of the process of maturation of an already ripe 
grain there is a shght loss of weight, and, if this is the case, 
it is the best proof that maturation is a post-ripening process. 
If the grain is very dry and remains so, nothing (as far as we 
know) happens, but if at this stage it takes up only a moderate 
amount of moisture, such as will be supplied by a few night 
dews whilst the crop lies in swath, and drying conditions 
alternate, then we have good reason to believe that the 
breaking-down process, which is, roughly speaking, the same 
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as that which goes on during the active growth of the seed, 
commences. Although this breaking down is much more 
complex than is there represented, the following equation 
illustrates what goes on : 

wCH^O + wOa = nCOa + 

Carbohydrate Oxygen Carbonic Water 

acid 

One reason for beheving that at this stage, without actual 
germination, this process begins is that we have proved a 
loss of carbonic acid to take place during what may be called 
the process of partial artificial maturation known as sweating. 
But the extent of this change and loss is normally insignificant. 
From a number of experiments made some time since, we 
estimated that with a barley containing 14-0 per cent, of 
water, which is rather under normal in this country, the 
carbonic acid expired on drying for twenty-four hours at a 
temperature of 100° F. was about -02 per cent, of the weight 
of the grain. It is a fact well known to maltsters that grain 
which is very dry, such as some foreign barley containing 
only 11 or 12 per cent, of water, is not improved by further 
drying on a kiln. No maturation or mellowing takes place. 
English barley in ordinary seasons frequently contains after 
threshing 16 per cent, of water and sometimes more. Such 
grain is greatly improved as malting material by kiln-drying. 
Munro and I investigated at the time the question as to the 
precise conditions of moisture content and temperature under 
which the best results are obtained. A further very in- 
structive fine of research would be in respect of the changes, 
doubtless in the same direction, which take place under 
normal conditions in the stack. 

The same process of maturation takes place with wheat, 
but there is this very material difference from the industrial 
point of view — that millers do not want mellow or soft wheats, 
or at any rate not more than a certain proportion of them — 
for although they give the whitest flour it is generally * weak’. 
It is interesting, however, to note — ^as has been pointed out 
by Dr. Sidney Williamson, who has made a special study of 
this point in connection with wheat — that in this grain the 
transition from hard to soft, corresponding to that from steely 
to mellow in barley, can be often seen on a superficial 
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examination of the grain in the intermediate stage. Dr. 
Williamson has described wheat grain to Munro and myself 
in this stage as 'piebald'. The grain is, so to speak, speckled, 
the soft parts showing through the seed coats, and when such 
grains are cut the line of separation between the hard and 
soft parts is quite clearly defined across the starch-containing 
cells. Barley, at any rate the ordinary variety with adherent 
husk, does not give this appearance, but it would appear that 
the mellowing of the grain spreads from the neighbourhood 
of the cells underlying the furrow, that is from the median 
longitudinal axis, towards the outer part of the endosperm, 
which is the last part (particularly towards the apex) to 
become mellow. The difference between steely and mellow 
grain can be judged from its appearance by all who are familiar 
with malting barley, and can be further demonstrated in 
several ways, most easily by the well-known 'KornPriifer’ 
or cutting instrument; also by the difference in translucency 
of the grains when seen by ordinary transmitted light. 
Steely grain is translucent, probably because of the continuity 
of the cell contents : mellow grain is opaque. 

On photographing, by means of the X-rays, grains of steely 
barley, mellow barley and malted barley respectively, a 
rather striking set of appearances resulted. The photographs 
unfortunately cannot be reproduced by a block-printing pro- 
cess on account of their faintness, for, like other vegetable 
matter, barley grains oppose very slight resistance to the rays. 
Whilst, however, the 'radiograph' of the endosperm of steely 
grains appears quite uniform and structureless, that of mellow 
grains shows more or less numerous clefts or striations, as if 
the endosperm were split or discontinuous, and in malt the 
striations are so much more numerous as to amount to a 
network. It is probable that these are real air-spaces ; at any 
rate it is difficult to account for the appearance otherwise, 
and if this is so, there must be many more of them than show 
in the 'radiographs for only the spaces lying in planes passing 
through the source of light would be shown, and these would 
probably be but a small proportion of the whole. These 
'striations' are much more numerous in barley grains origin- 
ally steely, which have been experimentally subjected to a 
process of artificial maturation in imitation of the natural 
process, in so far as that, being a post-ripening process. 
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consists in alternate absorption of water and desiccation, as 
was suggested by W. Johannsen of Carlsberg, Copenhagen 
( 1899 ). 

If we were required to give the briefest possible definition 
of the process of maturation we should describe it as a 
‘ commerce ’ of the ripe grain in water previous to germination 
and during the resting stage, that is, the alternate absorption 
and loss of water in such quantities as were not favourable 
to the starting of actual germination. This leads us to a 
consideration of the important subject of over-maturation. 

Let is consider what happens to a grain under natural 
conditions, that is to say, to a grain which after full ripening 
falls to the ground. Obviously everything depends on its 
location in respect of the three conditions for germination, 
viz., water, air and warmth. Given all these, barley will 
germinate if fully ripe, even before separation from the parent 
plant. Grains which fall to the ground may alternately 
absorb moisture and become dry again without germinating, 
but all this ‘ commerce ’ of the seed in water is attended with 
chemical and physiological changes in the direction of 
germination. It is maturation under natural conditions, and, 
in the case of the wild-growing Gramineae, it is without doubt 
over-maturation to the point of decay as regards probably a 
very large proportion of the grains which are formed. Some 
seeds, hke those of the Cruciferae (charlock is a well-known 
example), may be either undergoing this operation, or remain 
in the resting stage for a very long time, and may even be 
washed down into the subsoil, be retained there — probably 
for years — and then, on exposure to the air, germinate. The 
structure of the grain of the, cultivated cereals, however, is 
quite different. The seed-corns are far less resistant, but it 
is worth noticing that barley seems to be provided with an 
envelope to the more starchy part of the endosperm, which 
affords greater protection than does that, for instance, of 
wheat. We refer to the aleuron layer immediately underlying 
the true seed coat. This, in wheat, consists of a single layer of 
cells, but in barley there are always two, and generally three 
or more, cells underlying one another. 

This is by far the most persistent part of the endosperm. 
Its structure survives the earlier processes of germination 
long after that of the inner starch cells has completely 
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broken down. It seems clear that it is a function of this 
structure to preserve the inner endosperm from the undue 
effects of moisture in the stages of maturation and early 
germination; its much greater thickness in barley than 
in wheat may be due to the ordinarily longer resting stage 
of the seed within the grain of the former. This conjecture 
is strengthened by the fact which we have observed that the 
aleuron layer is frequently thicker in spring-sown corn than 
in the winter sorts. 

There is room for much difference of opinion as to the 
precise degree of maturation desirable for malting barley. 
As a matter of fact in this climate the grower has little choice 
in the matter. The method of harvesting the crop with a 
‘ binder ’ and setting in ' stocks ’ is not nearly so likely to give 
mellow grain as lying in swath. But a grower cannot afford 
to risk damage to the crop by delaying harvesting operations, 
so that it is almost wholly the character of the weather 
during the week before cutting and during the short period 
(often too short for good maturation) between cutting and 
harvesting which settles the matter. Weathered barley is 
generally mellow, though not always, but it loses weight by 
weathering and is seldom harvested free from grown corns, 
which conditions of course greatly depress its value. 

Samples of barley are not very plentiful which will show 
more than 60 or 70 per cent, of 'mealy’ fractures when cut, 
unless they are more or less weathered. But when grain of 
good colour and kindly appearance shows something like this 
percentage it will generally be found that the process of 
mellowing has commenced in almost all the grains, that is, 
the centre of the grain is mellow. Such barley will generally 
malt well, especially after sweating. 

There is another respect in which the degree of maturation 
affects the quality of barley. The function possessed by 
certain constituents of the grain of converting the starch into 
soluble matters, called diastatic capacity, is, as maturation 
proceeds, diminished. This branch of physiological chemistry 
has been worked out by Dr. Horace Brown and Dr. G. Harris 
Morris (1890 and 1893) in a series of investigations which are 
recognized to be amongst the most original in conception and 
the most instructive, both in method and result, of any of their 
kind. They have shown the ' diastases ’ and allied substances 
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to be ' starvation products that is, they are present in the pro- 
portion in which they are needed for the purposes they serve 
in rendering available the carbohydrates with which they are 
associated. Mellow grain does not need as much diastase to 
render the starch available as does steely grain, and accord- 
ingly we find that less is present. Barley may be over- 
matured to the extent of containing very little ‘translocation 
diastase the name given by Brown and Morris to the active 
agent in ungerminated barley; and Munro and I have found, 
from a great number of experiments, that the ‘diastase of 
secretion’ (i.e. that which the same authors show to be 
distinctive of germinated grain) is also lower after germinating 
mellow grain. Now, a certain minimum of ‘diastatic 
capacity’ is held to be necessary for different types of malt, 
^and although this is ruled largely by malting processes it is 
also, as we have indicated, dependent on the character of the 
original grain. 

Tests of Maturation 

Without any knowledge of the conditions of cultivation 
and harvesting, a practised eye can see the evidence in a 
sample of grain which indicates premature, incomplete, or 
irregular maturation; although it must be said that it is 
sometimes possible to confuse with such indications the 
effects of the character of certain soils upon the appearance 
of the grain. Ill-matured grain is seldom of uniform colour; 
it is often smooth rather than wrinkled in the husk, but 
above all it is invariably ‘steely’, and when cut transversely 
shows a yellow, or flinty, rather than a white and mealy 
surface to the fracture. 

Figs. 17 to 22 are micro-photographs of sections through 
(Figs. 17 and 18) half-ripe; (Figs. 19 and 20) coarse, large, 
ill-matured; and (Figs. 21 and 22), ripe, kindly, small 
grain respectively; and also there are shown still more 
magnified sections from the same part of the envelope of 
such grains. As between the half-ripe and the other grains 
the collapse of pericarp into a mere membrane, the com- 
pression of the testa or seed coat, and the marked develop- 
ment of the double and sometimes triple layer of aleuron 
cells, can be easily traced. As between the coarse and the 
kindly grain there may be noted the thicker husk and the 




I'M. 17. Fig. is. 

Fig. 17. — Median transverse section through about half-ripe grain ( •- l(i). 
Fig. 18. — Portion of same from dorsal side, opposite furrow ( . 120J. 



Pig. 10. fig. 20. 

Fig. 19. — Median transverse section through large coarse grain, about 82 grammes 
per 1,000 corns ( x 16). 


Fig. 20. — Portion of same from dorsal side, opposite furrow ( x 120). 



Fig. 21. — Median transverse section through small, well-matured grain, about 
40 grammes per 1,000 corns ( x 16). 

Fig. 22. — Portion of same from dorsal side, opposite furrow' ( x 120). 

a. Outer palea. e. Tegmen. containing cells under- 

h. Inner palea. /. Aleurone cells. lying aleurone. 

c. Vascular bundle, g. Small polygonal starch h. Elongated starch-con- 

d. Pericarp. and “reserve albumin” taining cells. 
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somewhat thicker aleuron layer of the former; also, by com- 
paring the three sections in respect of the layer of starch- 
containing cells immediately underlying the aleuron layer, 
marked differences can be seen in the original photographs. 
This part of the grain has been described in full by a well- 
known investigator, J. Gruss,i who regards it as the special 
storehouse of ‘ reserve albumin It is apparently transitional, 
both in shape of cell and character of contents, between the 
inner much-elongated starch cells and the aleuron layer. 
Large, heavy, coarse grains have more ‘reserve albumin’ in 
the outer cells of the endosperm, and indeed more nitrogenous 
matter in every part of the seed. With such grain not only 
are the nitrogenous envelopes unduly thick, but the starch- 
containing cells, making up the larger part of the grain, have 
also a high content of nitrogenous matter. 

Figs. 23 to 26 show the appearance of magnified images of 
the fractured surfaces of barley. 

Fig. 26 is that of a steely grain and illustrates what appear 
to be the outlines of the starch-containing cell- walls of the 
endosperm, of which not a trace is to be seen in the similarly 
enlarged picture. Fig. 25 , of a fully ripened and matured 
grain, which latter suggests that here the starch-containing 
cells have been ruptured, and a surface consisting wholly of 
starch granules exposed. 

Figs. 23 and 24 show the surfaces of longitudinal fractures 
on the same scale, the fractures being made slightly on one 
side of the furrow of the grain to avoid a channel of non- 
starch-containing cells which lies between the bottom of the 
furrow and the central axis of the grain. 

It might be supposed that the mode in which the fracture 
is made determines the difference in appearance, and that 
whilst the reticulated surface in Figs. 24 and 26 is due to the 
grain being rather split than cut, the floury look of the 
corresponding Figs. 23 and 25 is due to the cell- walls being 
crushed, with the effect of liberating starch granules and 
scattering them over the surface of the fracture. If, however, 
the cut surfaces of similar grains are pared down with a sharp 
instrument the difference in appearance of the surface is 
still very much the same. There is no doubt that what is 

^ Wochenschrifl fur Brauerei, 16, 532: Abstract in Journal of Society of 
Chemical Industry, xviii, p. 1143. ' 



138 Barley: Fifty Years of Observation and Experiment 

presented represents a distinct difference in the constituents 
of the grain. 

Of course barley may be over-matured in the sense of 
suffering in colour, and even in vitality, from over-exposure 
to bad weather to such an extent as to render it unfit for 
malting. This condition is due to causes beyond control, and 
all that can be said is that if vitality is not seriously diminished 
much can be done by artificial drying to increase the germ- 
inating power, and that on the whole a limited amount of 
defect of colour is ‘ not so serious a condition as want of 
maturation. There have been seasons when there has been 
an abundance of grain in which both conditions have been in 
a sense combined; that is, when grain badly matured before 
cutting has been over-exposed between cutting and harvesting. 
Lack of vitality is here combined with bad colour and steeli- 
ness, and no artificial treatment in this case will yield good 
malting material. 

Deficient maturation is the most serious prevalent defect 
of English barley, for whilst size of grain determines mainly 
the quantity of ultimate available material for use, maturation 
determines quahty because it is the necessary condition for 
the success of the physiological operation of modification of 
the starch cells. 











CHAPTER XVI 


DIFFERENTIAL RESPONSE OF RACES OF BARLEY 
TO ENVIRONMENTAL CONDITIONS 

The simplest definition of conditions for life which I have 
met with is ‘ correspondence to environment \ Unless a race 
is in harmony with its environment it will surely perish. 

Every organism corresponds to environment and every 
race of every species, whether animal or vegetable, responds 
in a different manner. Farmers know that this applies just 
as much to different sorts of barley as it does to Southdown 
and Welsh Mountain sheep, or to Jersey and Highland cattle. 

As between different species of Hordeum differential 
response may be taken for granted. There is* also abundant 
evidence that this equally applies to aggregates which are 
classed as ‘varieties’, and ‘ sub- varieties In the case of 
cultivated barley a good illustration is afforded by those 
sub-varieties which are classed under the name H. vulgare, 
I have found that those sub- varieties which are in cultivation 
in India seldom survive for more than two or three generations 
when grown in the nursery at Warminster. Definite evidence 
of differential response in the case of races of the same sub- 
species has only of late years begun to accumulate. 

Taking the whole area of cultivated barley in all the 
countries of the world, it is quite true to say that the environ- 
mental conditions are the main factors in determining total 
accumulation. These environmental conditions are for the 
most part beyond our control. For instance, it is doubtful 
if barley can be grown profitably in localities in any part of 
the world with an average rainfall of less than ten inches. 

As between different races of barley differential response 
to environment is a response to soil fertility rather than to 
soil texture, and it is complicated by differential response 
to weather, to cultivation, to period of sowing, and, in fact, to 
all the variations external to the race. 

No one race of barley is likely to suit all requirements, or 
indeed to be profitable to all growers, even within such a 

139 
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limited area as that of Great Britain and Ireland, because of 
the differential response of races to extrinsic conditions. 
That does not mean, however, that we require a multiplicity 
of races. It is quite possible to have two or three, one or 
other of which will be suited to the conditions of most growers 
in Great Britain and Ireland, and the future race of barley 
breeders should endeavour to understand and appreciate the 
requirements of both growers and users of barley. 

For many years I have accumulated evidence from my 
experiments that there is differential response of races of 
barley to soils in good or poor condition respectively. Going 
back many years, an experiment made with Archer and 
Plumage barleys in my nursery for a series of years showed 
that whilst Archer cropped better than Plumage on those 
parts of the nursery which, being in poor condition, gave 
yields corresponding to less than about five quarters per acre, 
Plumage, on the other hand, gave better yields, where the 
yields corresponded to six quarters or more. I also found 
that in exceptionally favourable seasons the differences in 
response to soil conditions as between these two races tended 
to disappear, and that they then yielded about equally both 
on the good and on the poor areas. 

Archer and Plumage have now given way over wide areas 
to Spratt -Archer and Plumage-Archer, but I have some 
evidence that Spratt-Archer follows Archer and that Plumage- 
Archer follows Plumage in the same direction, though less 
definitely, and I believe this confirms the practice and ex- 
perience of growers generally. Put briefly, it means that in 
respect of yield the Archer and Spratt-Archer type best 
withstands conditions adverse to plant growth; but that the 
Plumage and Plumage-Archer type profits most from good 
conditions. 

There has been for some time a prevalent belief that 
Plumage-Archer barley is less sxiited to the soils of light 
texture than is Spratt-Archer; and probably a majority of 
Yorkshire farmers believe that Plumage is better suited to 
their type of land than either. 

But we require more evidence on these points for different 
seasons and localities, and also for other races. The relative 
quality of different races must be taken into account, and I 
have no doubt that some races of barley stand high farming 
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better than others without the quality deteriorating, but so 
far we have insufficient evidence on these points. 

Dr. F. G. Gregory and F. Crowther (1928) carried out at 
Rothamsted some hundreds of pot cultures of various barley 
races in an endeavour to elucidate the manner of their dif- 
ferential response to different chemical manures. Five well- 
known races of two-rowed barley were used for comparison, 
viz., Goldthorpe, Plumage, English Archer, Plumage-Archer 
and Spratt-Archer.i 

There were eleven types of manuring, including deficiency 
of nitrogen, of phosphate and of potash. , Dr. Gregory kindly 
allows me to reproduce one of his very numerous photographs 
(Fig. 27). This shows very clearly the effect of deficiency of 
potash in the soil on four different races of barley. Of these 
four races, Plumage and Plumage-Archer almost failed under 
severe restrictions of potash supply. With almost complete 
absence of potash the straw of these two races collapses at an 
early stage. On the other hand, English Archer and Spratt- 
Archer, under the same conditions, were very little affected. 

The authors’ conclusion from the data derived from these 
experiments was that there was established the existence of 
a differential response of races of barley to various types of 
manuring. 

I am able to supply confirmation of their conclusion from 
the results of barley experiments at Warminster. 

The impression I get from my own records is that the 
differential response is mainly to deficiencies of plant nutrients, 
quahfied, no doubt (i.e. intensified or reduced), by atmospheric 
and all sorts of other environmental conditions. 

An example of differential response is afforded by the totally 
different habit of growth of the mixed races which make up 
the aggregate of the greater part of the barley crops of British 
India, when seed grown in India is planted in this country. 

I have received plants of barley, with roots attached quite 
four feet long, from agricultural stations in India, and have 
taken grain from them for seeding in my nursery.^ I have 

^ The seed-com for the last-named four races was supplied from, and grown 
at, the Warminster nursery. 

® In India there is much variety in the root system as between different 
types of barley. Some barleys penetrate to depths varying from 4 ft. to 6 ft., 
with ‘working depths’ from a half to two-thirds of these figures. European 
barleys grown in India are said not to penetrate below about ft. and to 
have a ‘working depth’ of 2 to 2J ft. 
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invariably failed to induce plants grown from grain imported 
from India to make an efficient root system. They develop 
roots about six inches long, obviously not sufficient in total 
weight to absorb the soil nutriment required to feed the plant. 
Fig. 28 illustrates the abundant root system of a single plant 
grown in India and the almost complete failure of a plant 
grown in the nursery at Warminster from the grain of one of 
its ears. This is not a case of failure due to non-supply of 
some plant nutrient, but it may be due to failure to produce 
a root system under a range of soil temperature alien to the 
inherited nature of the plant. 

The following table illustrates differential response in races 
of similar morphological character: 


Table XIV. — ^Warminster Barley Nursery, 1922 



Correlations between 


20 plots of 
‘P.A. 1914’ 

20 plots of 
‘P.A. 1924’ 

No. of plants per plot and average weight 



per plant ...... 

-•13 

+ •81 

No. of plants per plot and average weight | 



per ear ...... 

-12 

+ •81 

No. of plants per plot and weight of ears 



per plot ...... 

+ •01 

+ •85 

No. of plants per plot and ‘migration’ . 

-•14 

+ •75 

Average weight per plant and ‘migration’ 

+ •26 

+ •72 

Weight of straw per plot and ‘migration’ 
Weight of ears per plot and ‘migration’. 

-11 

+ •69 

+ •26 

+ •79 

Average nitrogen content 

1-56 

' 1-58 

Average weight per 1,000 corns . 

per cent. 

per cent. 

33-6 

35-7 


grammes 

grammes 


Differences of -5 are significant. 


The results of chequer-board nursery plots at Warminster, 
each year from 1912 to 1940 (generally twenty plots, each of 
eight races), in which the environment is only variable in 
respect of such soil heterogeneity as occurs within a few 
perches, have demonstrated that even these apparently slight 


Fig. 27. — Differential response to potash restriction. 



Fig. 28. — Racial response to environment, 

1. H. vulgare grown in Ganges Valley. 

2. Same H. vufgare grown at Warminster. 
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differences in environment produce "differential response’. 
A summary of the average results of these chequer-board 
plots is given in Table A, p. 866. 

In the half-drill strip experiment of 1922 another instance 
of " differential response ’ was illustrated. There were twenty- 
seven parallel alternated half-drill strips of each of two races 
of barley, viz., ‘ Plumage-Archer 1914’ and "Plumage-Archer 
1924’, each originally single-plant cultures with the same 
ancestry. There were four ‘manurings’ across the half-drill 
strips with two controls of "no manure’ similarly across the 
strips, one at each end of the field, 324 plots in all. 

The yields of dry grain of " Plumage-i^cher 1924’ stated as 
a percentage of " Plumage- Archer 1914’ were as follows: 


Plot 

Per cent. 

Maximum 
standard error * 
of any comparison 

2 N+P+K 

111-0 


5 N only 

106*4 


3 P+K 

98-0 

3*5 per cent. 

4 N + K 

‘97*8 



94*3 



N = sulphate of ammonia. P = superphosphate. 
K =kainit (14 per cent, potash). 


* The standard error above quoted is derived from the weights of 
total raw produce on each of the plots. From many otJ^r ex- 
periments it may he accepted that the standard error of raw produce 
is higher than that of the corresponding dry grain, which was not 
determined. 

The evidence is conclusive that there was "differential 
response ’ in this experiment. N was in the form of sulphate 
of ammonia and in this particular environment ‘Plumage- 
Archer 1924’ responded better than did " Plumage- Archer 
1914’ to this manuring, both when it was combined with 
phosphate and potash and when it was applied alone. In 
1923 a similar experiment under other weather conditions on 
the same area gave different, but less significant, relative 
responses as between the two same races of barley. 

It is evident that no two races of a cereal respond quite 
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equally to the same environment, and that, as between races, 
relative yields on unit area, whether of total produce or of 
seed, are influenced by all the environmental effects and by 
their interactions. This seems indeed to be a corollary to 
the doctrine that the survival of any one species has been 
mainly dependent on natural selection. It is illustrated by 
innumerable facts and may be summarized by the aphorism 
‘What is food for one race may be, more or less, poison for 
another race of the same species As an example : Plumage- 
Archer since 1927 has been included amongst about forty 
races tested for yield at twenty experimental stations in 
Canada. At only one station, Fort Vermihon, Alberta, which 
is the most northerly station of all. (latitude 58 "^ N.), with a 
very short growing period, viz., about 100 days, has it given 
fairly consistently the highest yields. 

A large number of observations, preferably on the field 
scale, will be required before we can hope to disentangle the 
environmental effects, to which manures are only a contri- 
bution, in order to enable us to apply the knowledge so gained 
to the breeding of races better adapted than existing ones to 
specified conditions. 

In the conduct of interpretation of comparative trials of 
old and new races, whilst fully recognizing the existence of 
these differential responses, we can at present only proceed 
by the method of sufficient replication and repetition of com- 
parisons, in space and time, under various environments, 
and by treatment of the results so obtained by statistical 
methods in order to evaluate their significance. Furthermore, 
environmental effects on the quality, as distinct from the 
yield, of the produce must be taken into account. 

It is quite safe to say that for every conceivable set of 
environmental conditions and for every species of farm plant 
there is a race which would be more productive in the long 
run than any other race*. The task of the plant breeder is to 
relate the race to the environment in respect of yield and 
quality. 

We are only at present at the very beginning of the in- 
vestigation of this very complex problem of the differential 
response of races of any one species and we are not able as 
yet to draw conclusions of practical application, although we 
shall, no doubt, ultimately be able to do so. 



CHAPTER XVII 


OLD CUSTOMS AND CHANGES RELATING TO 
BARLEY AND MALT 

I HAVE no intention of relating the methods and process of 
the art of malting in this volume. This has been done very 
efficiently and concisely by my old friend and late pupil, 
Mr. H. M. Lancaster (1936). But before I expound the 
experimental side of my work I should like to relate some 
changes in connection with barley and malt usages which 
have occurred within my memory. 

I shall commence by giving a few personal reminiscences 
of still earlier years, 

I have recently unearthed an old ‘‘Bought Barley’ book 
which was kept by my late father-in-law, whose business I 
entered in 1878. From the records I observe that in 1857 
one of the entries is that of a purchase of barley from my 
father (who at that time was farming at Heytesbury, Wilts) 
at 44s. a quarter. The deal was no doubt done in the Market 
Place at Warminster. The Market Place was the main street 
of the towm, along which every Saturday, in the open air 
and in all weathers, stood sacks of grain in a double row, as 
had been the custom for hundreds of years. All the grain to 
be sold was brought in on farmers’ wagons and put into one 
or other of the stores, which were at that time attached to 
each of six or seven inns in the Market Place. The ‘Bailiff’ 
of the market took from the store one sack from each bulk, 
dipped out a quarter of a peck iiito a brass bowl (how well I 
remember seeing him do it), as was the customary right of 
the lord of the manor, and then set down the same sack on 
some wheat straw previously laid down for ‘ bedding ’ by the 
carters, whose perquisite it was to bring in as much of the 
farmers’ straw on the top of their loads as was necessary for 
this purpose and subsequently to sell the same. Then on 
Saturday mornings dealings went on from about eleven to 
one o’clock, when all the farmers sat down to dinner at the 
‘ordinary’, a function now, alas, in so many old market towns 

145 K 



146 Barley: Fifty Years of Observation and Experiment 

sadly depleted. The chairmanship of each ‘market ordinary* 
was a coveted office, and the discussions over the gin-and- 
water which followed in the afternoons laid the foundation 
for all the Chambers of Agriculture and Farmers* Unions 
which were established later. But the farmer did not pay 
for the gin-and-water. Before that stage was reached the 
local millers, maltsters and corn chandlers, if they had not 
dined with the farmers, came in with banknotes stuffed into 
their top-hats to pay for what they had bought. They 
already had inspected, if they so wished, the bulks of grain 
where they were stored, so there were no disputes as to whether 
the bulk was inferior to the ‘market sack’; there were no 
guarantees about artificial drying; no arbitrations; no 
allowances ! But to revert to the gin-and-water. When the 
amoimt due was agreed, the buyer deducted sixpence for 
every ten quarters of grain he had paid for and this was 
spent there and then. Such were the good old times. They 
lasted well within my recollection, but are now for the most 
part bygones. William Cobbett, yeoman farmer, plant 
breeder, radical journalist and farm labourer’s friend, as he 
was, gives a truly delightful account of these market customs 
in Mural Bides (1885), with special references to Warminster, 
in his day the largest barley market in the West of England, 
and one of the few in which no ‘ bag samples ’ were allowed. 

Sixty years ago there were thirty-nine malt-homes in Warminster. 

Now there is only one, and not nearly enough barley within reach 

of that one. 

But before 1886 these customs had begim to fall into decay. 
Com exchanges had been built to replace the old street 
markets, paper-bag samples were in full use and methods of 
selling and buying barley (which had been fairly constant 
for a century or more) changed rapidly. These changes were 
in a great measure due to railway transit replacing the 
farmer’s wagon. To-day all farmers sell their barley at 
farms, to be collected by the dealers: none will deliver to 
railway stations. With the advent of tractors farmers have 
fewer horses to spare for carting grain. We know of course 
that road transport of grain has largely increased and that 
the farm wagon has been completely superseded by lorries. 
This is partly a consequence of our present rage for speed. 
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The Malt Tax 

A duty on malt was first imposed in England in the year 
1697, at the rate of G^-Jd. per bushel, which varied after- 
wards at intervals, until in 1856 it rose to 2s. S^d. per 
bushel. It remained at 21s. 8|d. per imperial quarter until 
the abolition of the duty by Mr. Gladstone in 1880, in 
favour of (at first) 6s. 3d. per barrel of wort of 1057° gravity 
(commonly called 20-lb. beer), only a little above the average 
strength at that time. One effect of this change was to 
establish the ‘free mash tun ^ and to permit the use of ‘ flakes ’ 
as a substitute for malt, in addition to sugar, which was 
previously allowed. 

In Scotland malt was taxed uninterruptedly from the year 1713, 
and in Ireland from 1785 at varying rates. In 1823, however, the 
duty was fixed at 2s. 7d. per bushel for the United Kingdom, and 
to this, in 1840, 5 per cent, was added, whilst during the Crimean 
' War the duty was temporarily increased to 4iS, per bushel. Malt 
made from 'bigg^ or ^bere^ in Scotland and Ireland was charged 
at a lower duty.^ 

Malt tax was in practice charged on each imperial bushel 
of barley, i.e. by volume, and the Excise was entitled to 
measure the volume either before or after it was steeped, a 
given volume of wet grain being taken as equivalent to a 
bushel of dry grain, and the custom of the Excise was to 
‘gauge’ the wet grain in the ‘couch’. When very light grain 
was steeped, the volume after steeping was greater than that 
of heavy grain, and so the duty was actually higher than on 
heavy grain. 

I have in my possession copy of a Petition addressed to 
the Commissioners of Excise for Great Britain and Ireland, 
drawn up at Weyhill, Hants, the 13th and 14th October, 1845, 
and signed by 179 maltsters, representing the counties of 
Hants, Oxon, Surrey, Wilts, Somerset, Dorset and Gloucester, 
as a protest against prosecutions made under 5th Section of 
1st Victoria, Cap. 49, by reason of (to use their own words) 
‘the uncertain gauges of officers’. 

I well remember an agitation amongst maltsters on this 
point. In 1876, and shortly afterwards, in 1877 (or 1878), a 
regulation came into effect under which a procedure was 

1 Brewers^ Almanack, 1917, p. 130. 
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adopted which permitted of the duty being charged on the 
dry grain, and I believe was variable with the weight per 
bushel. One condition was that after the grain had been 
‘gauged’, i.e. measured in the cistern, the cistern should be 
covered and locked, the Excise officer taking the key away 
with him. No doubt some relics of these covers and locks 
may be still found in some of the old maltings. 

Use of English and Foreign Barley 

It was an opinion widely held that the repeal of the Malt 
Tax injuriously affected the interests of the British barley 
grower, mainly by encouraging the use of cheaper foreign 
barley for malting. It was thought that home-grown grain 
was displaced thereby to the extent to which the use of the 
foreign article had increased, and in consequence of this 
competition the average price of British barley had been 
considerably lowered. 

If the average prices and the acreage under wheat are 
compared with the same figures for barley over periods of 
fifteen years before and after the repeal of the Malt Tax, the 
following facts are obtained. For the fifteen years, 1866 to 
1880, the mean of the Gazette yearly averages was 52s. 3d. 
per quarter for wheat and 38s. 3d. per quarter for barley. 
During the same period the acreage of the United Kingdom 
xmder wheat somewhat declined, whilst that under barley 
remained nearly stationary. 

The fifteen-year period 1881 to 1895 was that of the great 
fall in prices of grain of all descriptions. Yet considering 
the following figures it is evident that barley suffered less 
than wheat. 

Table XV 



Wheat 

Barley 

Average, 1866-80 . 

52s. Sd. 

88s. 8d. 

Average, 1881-95 . 

33s. 2d. 

27s. 9d. 

Under previous period . 

36 J per cent. 

27i per cent. 

Acreage, United Kingdom, 1867 

8,640,051 

2,440,242 

M ,, 1881 

2.967,059 

2,662,927 

jj 3, 1895 

1,456,042 

2,346,367 
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It appears that since the repeal of the duty barley had 
fallen in price less than wheat, and that the acreage under 
barley was nearly the same in 1895 as in 1867, whilst the 
wheat acreage in the same period diminished to less than 
one-half. Increased foreign competition and the general fall 
in prices affected wheat cultivation in the United Kingdom 
more seriously than did the same conditions plus the effects 
of the repeal of the malt duty affect barley ; and the maltster 
is a better customer to the English corn grower than is the 
miller, although, we may add in passing, he is from the 
necessities of his business a somewhat more exacting one in 
respect of quality. From all the data available it appears 
that the quality of home-grown barley malted in the United 
Kingdom, taking one year with another, was not decreased, 
but was very little (if any) less than it was before the repeal 
of the Malt Tax in 1880. 

It is unfortunate that there are no official records of the 
quantities and kinds of imported barley which have been 
used for brewing in this country, and that for our information 
as to this we have to depend on either individual experience 
and records, or from what we can infer from official returns 
of quantities and declared values of imports from various 
countries. 

Apart from the fact that foreign barley possesses some 
qualities in relation to the malting and brewing processes 
which are frequently lacking in our native barley, it became 
necessary to use it whenever, owing to bad harvest conditions, 
there was a shortage of sound barley in the country. I have 
no doubt that these bad harvests were more frequent in the 
eighties and nineties of last century than they have been 
since. From Records of the Seasons, compiled by a scholarly 
Wiltshire farmer, T. H. Baker (1911), from systematic notes 
of his own and of two ancestors between 1819 and 1911, it 
would appear that in 16 out of 21 years (1879-99) harvests 
were later than for the average of all the years preceding and 
following, and late harvests of course mean ‘ weathered’ barley. 

I cannot recall any other such bad harvest as that of 1879. 
In that year much barley was lying in the fields in November, 
fit only for pig-food, and from my old ‘Bought Barley’ book, 
to which I have already referred, I see that 75 per cent, of 
the barley we steeped in 1879-80 was foreign — ^mostly Danish 
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— ^imported in small schooner cargoes of about 1,000 quarters 
each to Weymouth; with some French from the Saumur 
district; and a little from the Saale district, now part of 
Czechoslovakia. The character of the small quantity of 
native barley steeped in this season may be judged by the 
fact that the prices of different parcels ranged between 
52s, and 25s. per quarter, the latter no doubt discoloured but 
still possible malting material. 

- All this imported barley was two-rowed (H. distichum) then, 
and afterwards, often called ‘ Chevalier ’ to distinguish it from 
the thinner six-rowed (H. vulgare and H. kexastichum), 
although, strictly speaking, Chevalier is the name of one 
variety of H. distichum. Under the old Malt Tax it was very 
seldom profitable to a maltster to steep thin foreign six-rowed 
barley, although I believe that a few brewers in Scotland had 
already begun to use some of this class of barley, mainly 
from Smyrna. 

The general characteristic of foreign two-rowed barley, as 
distinguished from English two-rowed barley, is its better 
condition, i.e. lower proportion of contained moisture. Only 
in the case of a few countries with exceptional climatic 
conditions, conducing to full, even, and not too rapid maturiiig 
of the grain, does foreign two-rowed barley generally surpass 
the best English growth in other respects than that of dr3mess. 
Apart from dryness, and speaking generally, it may be said 
that the importation of Chevalier foreign barley depended 
largely on price as related to English; and in respect of the 
better qualities the extent of the importation depended 
mainly, as we have already seen, on the available supply of 
really jftne English samples. 

From the Board of Trade returns for the five years 1881-85' 
I estimate that the average use of imported barley for brewing 
was about 25 per cent., mainly of Chevalier type, from 
Denmarkj France and mid-European countries. 

After about 1886 the use of six-rowed barley (H. 
kexastichum) increased, and up to the early nineties all the 
imports of this barley were from Mediterranean ports, 
principally from- Smyrna. 

Hordeum kexastichum is of the same sub-species as our 
own winter barley, but there are many different varieties of 
it and the growth of no two countries is alike. It coines 
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chiefly from the Levant, Algeria, California, Chile and the 
Danubian districts. The better sorts of this class of foreign 
barley make malt which brewers prefer for two reasons, apart 
from relative price, which is the main determining, factor. 
The first is that, containing about 10 per cent, more of 
insoluble matter, husk, etc., than Chevalier barley-malt, it 
can be much more closely crushed and yet give good drainage 
in the mash-tun. Secondly, it is generally modified in the 
malting process in a somewhat different manner from English 
barley and yields an extract which, though less in quantity, 
is in some important respects better in quality than that 
given by the lower qualities of English two-rowed barley in 
most seasons. 

Since 1886 Californian and Chilian Chevalier, also two- 
rowed Danish and most European barleys, have been im- 
ported in limited quantities from time to time; but it was 
soon discovered that the six-rowed Californian ‘Brewing 
Barley’ gave better value for money. Between 1890 and 
1900 this barley came rapidly to the front and for many years 
California has provided us in the aggregate with more barley 
for brewing than all the rest of the barley-exporting countries 
put together, and nearly all of it has been of various six-rowed 
races. One reason for its popularity is, without doubt, its 
uniformity of character from year to year. Climatic con- 
ditions in California are less variable than in most other 
barley-growing countries and until some enterprising plant 
breeders and others began ‘tinkering’ with the grain and 
distributing new ‘ breeds ’ the racial character was also 
uniform. It was all the progeny of Mediterranean barley 
taken there by early Spanish settlers. 

But in California, as in England, growers cannot be ex- 
pected to think first of the interests of the brewers. They 
will grow what pays them best, and there is no doubt that 
some of the new races of six-rowed barley which have been 
distributed in California during the past fifty-odd years have 
been more profitable to growers than the old ‘Bay Brewing’ 
type, mainly because they give higher yields and are just as 
good for feeding purposes, for which one-half, or more, of. the 
Californian crop is utilized. 

We must remember that, within limits, environment has 
more effect than racial character on the quality of the grain 
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of any cereal. So it comes about that all Californian barley, 
be it /Bay Brewing’, or ‘Mariout’, or ‘Atlas’, or ‘Vaughn’, 
or any other type or race, has a certain similarity of character. 
Incidentally, I must add here two remarks. First, that the 
above holds good only within limits. There are certain high- 
yielding races of barley, like that known as ‘Trebi’ in other 
States of America, which would almost certainly defeat even 
the favourable environment of California and produce a 
type of grain which no British brewer wants. Secondly, it 
may turn out that in future years conditions will prevent 
anything like as large an export of Californian barley as there 
has been in recent years. 

The use of increasing proportions of six-rowed foreign 
barley in this country is without doubt the most drastic of the 
changes which have taken place in the last fifty years. 



CHAPTER XVIII 


NOTES ON SOME INDIVIDUAL FOREIGN AND 
EMPIRE BARLEYS 

California 

Coast (also known as ‘Bay Brewing’) was before 1910 the 
only sort of barley of any importance in the State of 
California. The barley was originally all vulgar vars. 
pallidum Al. and coerulescens Al. (like Spanish, from which it 
is no doubt descended in a more or less modified form). It 
is a six-rowed, narrow-eared barley with smooth rachilla. 
It is now invariably mixed in commercial bulks with ‘ Mariout ’, 
var. parallelum, Kcke. 

Commercial Mariout is of many distinct races, some having 
smooth and some rough rachillae. Originally there were two 
broadly different aggregates, viz., ‘Californian Mariout’ and 
‘Club Mariout’, both six-rowed, narrow-eared barleys, with 
a rough and smooth rachilla respectively. These two aggre- 
gates are now generally found mixed, but in commercial 
samples those with smooth rachillae very largely predomi- 
nate. Both of these aggregates were no doubt originally 
descended from small bulks received from Lower Egypt, 
where, although those with smooth rachillae predominate, 
some with rough rachillae are also found. Egyptian barleys 
generally have smooth rachillae and are mainly of the 
sub-species vulgare, var. pallidum^ more or less resembling 
the Coast type of Californian barley. The grains found 
in mummy-cases are generally of this type, but in a 
recent prehistoric (predynastic) excavation by Sir Flinders 
Petrie some grains of hexastichum were found. Club Mariout 
accounts for about 15 per cent, of the barley acreage; it has 
a limited use for malting. The botanical classification of 
Mariout is difficult to define. 

Atlas, a six-rowed, narrow-eared barley, with smooth 
rachilla, proved to be the best of several hxmdred ‘pure line’ 
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selections made from ‘Coast’ in 1917. It has a good stiff 
straw and ripens early. It covers about 80 per cent, of the 
malting-barley area. 

Chile 

Chilian Brewing is a mixture (in all commercial bulks) 
of many races of sub-species kexastichum and vulgare : the 
former predominating, with occasional small admixture of 
distichum (Chevalier). The rachilla of all these types is 
almost invariably smooth, but occasional grains with rough 
rachillae occur. 


Australia 

Cape (so called) six-rowed barley is of variable quality and 
there is now only quite a small amount grown. 

Australian Chevalier, a narrow-eared, two-rowed barley, 
with sniooth rachilla, grown in W. Australia, is of better 
quality than that grown in any other part of Australia. 

Pryor’s Chevalier. — ^The origin of this barley is interesting 
and was related to me by Mr. William Barrett, senior partner 
of Barrett Bros. & Burston & Company, Proprietary Limited, 
the largest firm of sale maltsters in Australia. About thirty 
years ago an old Scotch farmer named Pryor brought a load 
of barley to one of their malt-houses. The barley looked 
entirely different from any they had seen before and they 
were anxious to learn all there was to know about it, but the 
farmer obdurately refused to tell them anything about its 
origin. However, they bought the barley and sold it for seed 
to several farmers in the neighbourhood. It spread very 
rapidly and almost completely replaced the older sort, 
Duckbill (or Spratt). I have grown small plots of Pryor in 
the nursery at Warminster and found it to have a shorter 
growing period than any other two-rowed barley. This is 
probably one reason for its popularity in Australia. Mr. 
Barrett tells me that owing to its quick-growing habit it 
escapes what he calls ‘caterpillar’ attacks, which- in some 
districts of Australia are apt to be devastating, like the 
gout-fly in this country; also that season after season quality 
and regularity fluctuate less than with any other type growm 
in the country. 

Just over ten years ago I sent out samples of Spratt- Archer, 
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Plumage-Archer and Golden Archer to Australia and all 
these races are now grown in some districts, but they have 
not, I believe, spread widely so far. I had a report from 
Mr. Barrett of the results of the harvest of 1930. The net 
result was that these races were found to be quite useful in 
some of the barley districts in S. Australia, but in other 
districts Pryor’s Chevalier continued to give the best results. 
Growth and parasitic conditions in Australia are sure to be 
variable. 

The analyses of the samples of these three races which I 
received from Messrs. Barrett are as follows : 



N. 

per cent 
dry barley 

Weight 
per 1,000 
corns dry 
{grammes) 

Plumage-Archer . 

1*31 

40*6 

Spratt-Archer 

1*26 

33*8 

Golden Archer 

1*36 

38*0 


India 

Some years ago very useful barleys were shipped from the 
ports of Calcutta, Karachi and Bombay to this country, but 
of late years prices have been generally higher than those of 
some other exporting countries. 

Indian barley is no doubt a mixture of indigenous races, 
grown? under all sorts of varied soil and climatic conditions. 
I believe that Indian barley has remained about the same 
since it started from some wild type about 10,000 gen- 
erations ago, and that this wild type must have been quite 
different from any of the progenitor races of our European 
and N. African types, of which there have been perhaps only 
about 3,000 generations. This may account for a difference 
in habit which is difficult to eradicate. Most of the barley 
is grown in the northern parts of India, the United Provinces 
and the Punjab. The United Provinces has the largest 
acreage. 

Indian (and Mesopotamian) barleys generally mature very 
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feebly in this country. The progeny of the great majority 
of the plants when grown in Great Britain have a very 
rudimentary root system and die out in the second or third 
generation. A few however survive, and in exceptional cases 
give rise to vigorous races. 

New Zealand 

This country produces a far smaller quantity of barley per 
head of its population than either England, Australia or 
Canada, although the return per acre to the grower is more 
than twice as much as in either Australia or Canada. The 
land is well adapted for growing suitable malting barley, but 
probably dairy produce and meat are more profitable to the 
farmer. Only two-rowed barleys are grown and consist 
almost entirely of one variety, viz., ‘Duckbiir. I recom- 
mended both Spratt-Archer and Plumage-Archer as suitable 
races for the climate and they are spreading, though not as 
rapidly as might be expected. 

Canada 

0..4.C.21, a six-rowed, narrow-eared barley, with smooth 
rachilla (H. vulgare), has spread all over the Dominion and 
no doubt the commercial grades consist largely of this race. 
The original selection was made at the Ontario Agricultural 
College (hence its name) from a stock which came from 
Russia in 1881. It has been very fully tested all over the 
Dominion since 1910 and has generally given higher yields 
than any other race. 

Trehi, a more recent six-rowed, narrow-eared barley, with 
smooth rachilla, is very different in character from ‘ O.A.C.21 
It was selected from some Asiatic Turkish barley which came 
to one of the United States experiment stations in 1905. It 
is a heavy cropper and has a wide range of adaptation. 
Wherever it is grown it seems to have lower nitrogen con- 
tent than ® O.A.C.21’ when grown under similar conditions, 
but ‘0,A.C.21’ is preferred by Canadian • brewers. Both 
these races have been grown in the Warminster nursery in 
alternate plots. 

Trebi barley came originally from Trebizond (a Caucasian 
district). 
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Egypt ^ 

Mariout, a six-rowed, narrow-eared race, is grown in 
Northern Egypt and is quite useful malting material. 

‘Beheri’ is really a district and not a name for a type of 
barley. The barley is grown within the Delta of the Nile. 

1 It is possible that the barley which is grown in each district of Egypt is 
just what has survived from prehistoric times. On the whole, if seed goes 
from one district to another the difference in the character of the seed would 
be mainly due to soil and climate. I have grown some Egyptian barleys in 
the cage at Warminster and have observed no botanical differences. 




PART II 


EXPERIMENT 


Note . — This part gives, in chronological sequence, an account of the 
author’s experimental work in connection with barley breeding and of the 
deductions he drew. Descriptions of the methods employed are included. 
Some of the results have been published from time to time, but only those 
still of value or likely to be helpful to the farmer and plant breeder have been 
collected here. 

Much of the work was done in 1^00 or earlier and some of it may now be 
out of date. The original terminology and tenses have been largely retained. 




CHAPTER XIX 

THE WARMINSTER EXPERIMENTAL STATION 

The area of land on which the cultivations are conducted is 
now about four acres, of which one-sixth of an acre is occupied 
by a bird-proof wire structure, first erected in 1902 and ex- 
tended to its present dimensions in 1904. The space occupied 
by the cage is cultivated entirely by hand labour. 

The soil is sandy loam situated on the Upper Greensand 
underlying the Chalk. This formation usually occurs as a 
narrow belt surrounding the larger Chalk formations in 
England. At the head of the Wylye Valley, near Warminster, 
it forms a ‘tongue’ between chalk hills, which is fairly flat in 
contour. This particular field is level and the sandy upper 
soil rests to a depth of about ten to twelve inches on a sub-soil 
of loose sandstone which passes gradually into sandstone rock, 
affording good, but not too rapid, drainage. 

The following is an analysis of the soil : 

Mechanical Analysis of Fine Earth 


Coarse sand .... 

67-8 

Fine sand ..... 

11-1 

Clay (so called) ignited 

15-0 

Vegetable matter 

Chemical Analysis 

6-1 

100-0 

Vegetable matter 

607 

Sand and clay insoluble in acid . 

87-95 

Carbonate of lime 

1-65 

Oxide of iron and alumina 

3-58 

Magnesia .... 

0-29 

Phosphoric acid 

0-30 

Potash ..... 

0-31 

100-15 

Total nitrogen .... 

0-219 
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This is perhaps one of the most generally useful types of 
soil we have. In good seasons it produces grain of excellent 
quality and over-average yield, and it is much richer and 
deeper than many of the deposits resting on the Chalk which 
are the typical soils of the South and East of England. 

The land was probably under permanent pasture up to 
about 1860. From then on up to about 1880 it was occupied 
by a nurseryman and afterwards, until" 1892, was under 
various field crops. Since that tirne it has been chiefly used 
for various manurial experiments with potatoes and barley, 
and from 1919 to date the greater part of the field has been 
used for half-drill strip trials of barley. In 1986 the part of 
the field not utilized for these particular experiments was 
planted with mangel, after having been under barley for 
several years in succession. The nursery and eastern part of 
the field have been under barley for 84 out of 41 years since 
1900: 

Parts of the field are unfortunately infested with Small 
Bindweed {Convolvulus arvensis), also with patches of 
Horsetail {Equisetum arvense), which necessitates occasional 
fallowing or cleaning of crops. 

With the exception of the classical Hoosfield, at Rotham- 
sted, this area has probably grown more crops of barley than 
any other during the past forty years. As at Rothamsted, 
on fully manmed plots, the average produce per acre has 
probably been equal to the average on similar soils under 
ordinary cultivation. The manuring is varied from year to 
year and is designed to promote a fair yield without ‘lodging’ 
of the crops. 

The field is probably more uniform than the average of 
cultivated areas in England used for similar investigations, 
but even so there is considerable variability due to both 
natural and artificial causes, which must be allowed for in 
considering results obtained. 

Barley of one sort or another can, of course, be grown under 
almost any soil conditions. Amongst the collections of plants, 
comprising several hundreds, which have been grown at this 
station for many years there are barleys grown originally as 
far North as Iceland and as far South as Abyssinia. 
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Preliminary Experiments 

The first experiments with barley in the field were carried 
out in 1895 on a part of this area. I was at that time making 
investigations in collaboration with Munro. We started 
single plant cultures of various established races of barley on 
small plots with a total area of a few perches. 

In 1895 we experimented with ‘Hallett’s Pedigree’ obtained 
from the original grower. In 1896 the seed used was of the 
‘Goldthorpe’ variety, selected for the purpose on account of 
the fact that this particular barley appeared to be more easily 
affected than most others by the various conditions which 
determine quality. In both cases the seed was kiln-dried 
before planting. 

Goldthorpes and Chevaliers were grown side by side for 
six consecutive years with a view to making comparisons. 
There was an area of one-sixteenth of an acre for each con- 
dition of manuring, excluding a surrounding margin to the 
whole area, which was cut and removed before the produce 
of the measured areas and served the object of securing the 
absence of the effect of ‘outsides’ on the measured areas. 
The individual plots were divided and duplicated in order 
more fully to secure uniformity of soil. 

These experiments were exclusively designed to throw hght 
on the respective malting quahty of varieties of barley under 
different conditions of cultivation without relation to relative 
productivity. 

Naturally at so early a period of experimental work in the 
field we had not sufficient data to warrant any conclusive 
evidence on the trials made. We therefore sought the co- 
operation of Sir John Lawes and Sir Henry Gilbert in the 
attempt to relate quality of barley with cultural conditions. 
They generously placed at our disposal aU their Rothamsted 
barley recoi^ds and provided us with portions of the many 
hundreds of samples preserved at Rothamsted. 

Thus began a long series of experiments which culminated 
in the publication of ‘Manurial Conditions affecting the 
Malting Quality of Barley’ (1897), and ‘Various Conditions 
affecting the Malting Quality of B^ley ’ (1900) in the Journal 
of the Royal Agricultural' Society of England. 



CHAPTER XX 


INVESTIGATIONS ON ROTHAMSTED (HOOSFIELD) 

BARLEY 

Introductory 

The Rothamsted station was started in 1843 by John Bennett 
Lawes (and maintained up to 1900 in partnership with 
Joseph Henry Gilbert) mainly with the object of investigating 
the comparative effects of various artificial manures on farm 
crops. The general scheme was to mark out plots in several 
fields and to give to each plot year after year the same 
quantity of the same kind of manure. Although repetition 
year after year on the same areas showed clearly the wide 
extent of seasonal effects and gave valuable information on 
the subject of soil exhaustion, there was no replication of 
similarly treated plots on different areas with a view to 
demonstrating the effects on the yield and quality of crops 
due to soil heterogeneity other than that due to manuring. 

Two series of barley experiments had been conducted at 
Rothamsted, (1) the Hoosfield Manurial Plots, and (2) the 
Agdell Field Four-Course Rotation Plots. We shall deal in this 
chapter with the experiments made on the Hoosfield plots in 
the cultivation of barley with different manures, commenced at 
Rothamsted in 1852. Witha very few unimportant exceptions, 
the manurial treatment of the respective plots was the same 
for every year during a period of forty -four years. These 
experiments were made in order to determine the effects of 
the various different manures applied on the maintenance 
of fertility of the soil on the several plots as indicated by 
the ratio of grain to straw produced in .successive years. 
Gilbert had pointed out how greatly the malting quality of 
produce of the differently manured plots had depended on 
atmospheric conditions affecting ripening. At the same time, 
the results on these plots show certain very definite differences 
in size of grain and maturation due to manurial conditions, 
and Munro and I considered in detail the evidence as afforded 
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by these plots, available both from the published records of 
the experiments and also from the samples and information 
supplied to us. 

Malting Quality of Barley grown on the 
Hoosfield Plots 

If the presence in the soil of, on the one hand, full, or on 
the other hand restricted, supplies of the various kinds of 
plant food which manures contain has any definite effect on 
the quality of the grain, these plots unquestionably afford 
evidence of an incomparably more complete nature than can 
be obtained from any other source, for nowhere else have the 
same soil areas received, for anything approaching such a 
period, continuous similar treatment, with the results of that 
treatment continuously recorded. 

The different conditions of manuring which are illustrated 
by these barley plots, and the nature of the recorded data 
available for judging of the effect of these conditions on the 
quahty of the grain, stated briefly, are as follows : 

1 . The Different Manurial Conditions 

Plot 1-0 has received no manure for forty-four years, 
and the yield of grain fell to 13 bushels per acre in 1895. 
Here is the result of general exhaustion; the relative ex- 
haustion being apparently, from the results of the other plots, 
greatest in respect of nitrogen, next in respect of phosphoric 
acid, and least in respect of potash. The whole series of 
experiments shows that these are the only three elements of 
plant food the exhaustion and supply of which need be con- 
sidered, at any rate on the Rothamsted soil. 

Plot 2-0 has received every year 3^ cwts. per acre of 
superphosphate only, and yielded 16f bushels per acre in 
1895, showing the effect of exhaustion of nitrogen, and 
possibly of potash, with full supply of phosphoric acid. 

Plot '3-0 has received 20X) lbs. of potash salts and other 
salts of the alkalies,^ and yielded 13j bushels per acre in 
1895, showing effect of exhaustion of nitrogen and phosphoric 
acid, with full supply of potash, which supply it is to be noted 

1 All the ‘3’ and ‘4’ plots have received soda and magnesia salts yearly, 
in addition to potash. 
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has not increased the yield above that of the unmanured plot. 

Plot 4-0 has received superphosphate and potash salts 
(the combined dressing of Plots 2-0 and 3-0 ^), and the yield 
was 16 J bushels per acre in 1895, showing results of exhaustion 
of nitrogen with full mineral supply, the yield being no more 
than with superphosphate alone, again showing that addition 
of potash was without effect on quantity of produce. 

The plots of the ‘O’ series, then (1-0, 2-0, 3-0 and 4-0), 
have none of them received nitrogen in manures for forty -four 
years, and show the effects of supply or exhaustion of mineral 
plant foods in the absence of renewed nitrogen supply. 

Plot 1-A has received nitrogen in the form of 200 lbs. 
ammonia salts only, every year, and yielded 22 bushels per 
acre in 1895, showing effect of exhaustion of phosphoric acid 
and potash. 

Plot 2-A has received the same ammonia salts as 1-A, 
and SJ cwts. of superphosphate, and yielded 29 bushels per 
acre in 1895, showing effect of exhaustion of potash with full 
supply nitrogen and phosphoric acid. 

Plot 8-A has received the same ammonia salts as 1-A and 
200 lbs. potash, and yielded 28 bushels per acre in 1895, 
showing effects of exhaustion of phosphoric acid with full 
supply of nitrogen and potash. 

Plot 4-A has received the same ammonia salts as 1-A with 
superphosphate and potash in the same quantities. respectively 
as 2-A and 3-A, and yielded 44^ bushels per acre in 1895, 
showing effects of full supply of nitrogen, and also of phos- 
phoric acid and potash, a complete manure giving in that 
year, with the exception of the plot continuously manured 
with farmyard manure, the maximum yield of the whole series. 

The ‘AA’ series (1-AA., 2-AA, 8-AA and 4-AA) is identical 
with the A series, except that 275 lbs. of nitrate of soda has 
been every year since 1868 substituted for ammonia salts, 
that quantity of nitrate containing the same amount of 
nitrogen as 200 lbs. of ammonia salts. The results are similar 
to those of ‘A’ plots, except that no effect is shown of ex- 
haustion of potash; the 2— AA plot without potash yielding 
even better than the 4— AA plot with full supply. 

Plot 7-2 has been continuously manured with 14 tons of 

_ ^ All the ‘8’ and ‘4’ plots have received soda and magnesia salts yearly, 
in addition to potash. 
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farmyard manure, and yielded in 1895 the maximum crop of 
49 J bushels per acre, showing the effect of full or over supply 
of all necessary plant food. There are various other plots, 
but the above series will be sufficient to illustrate the points 
to which we desire to call attention. 

Now, needless to say, the tabulated records of the 
Rothamsted experiments, in addition to the influence of 
exhaustion or full supply of nitrogen or minerals, or both, 
show also the varying effects of season, both on quantity and 
quality; and, summarizing the relative .effects of manures 
and of seasons, it has been shown by Lawes and Gilbert very 
fully with regard to wheat, and similarly as to barley, ^ that: 
(1) exhaustion of nitrogen or minerals, or both, as distinct 
from full supply of either or both, has had definite effects on 
quality as well as quantity when the results of a series of 
years are taken for comparison; but (2) whilst definite 
general or average effects on quality are indicated, there is 
considerable variation from year to year, and the effects on 
quality due to manurial conditions are on the whole far less 
marked than those due to climatic conditions affecting 
growth and maturation. The differences in the quality of 
the grain grown on plots which have for many years received 
either (1) no manure, (2) different artificial mixtures, or 
(8) farmyard manure, are less, as a rule, in any one year 
than the differences in quality observable in grain grown on 
similarly treated plots in different seasons. Or, to put it 
briefly, quality of grain is affected less by manurial than by 
climatic conditions. Still, as before stated, the differences 
in quality with different manurial conditions when taken over 
a series of years are intrinsically considerable. And having 
now indicated the different manurial conditions, we have to 
consider what are the data available for assessing the relative 
quality for malting purposes of the produce of the various 
differently manured plots. 

2. Records relating to Quality of Produce 

There are published records of: 1. Weight per imperial 
bushel of the dressed grain of the various plots, 2. Weight 

1 Journal of the Chemical Society ^ 1884, p, 305: ‘Agricultural Investigations 
at Rothamst^’ Lawes’s Agricultural Trust Lectures, published by U.S. 
Department of Agriculture, 1895, p. 59. 
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of grain per 100 of straw, as calculated from the record of 
quantity of grain and straw respectively. 3. Analysis of the 
ash of the grain. In addition to these records we shall refer 
to the appearance of the samples of grain which for every 
plot in each year have been preserved at Rothamsted, and have 
been placed at our disposal by Sir John B. Lawes and Sir 
J. Henry Gilbert, and to the examination by physical and 
chemical methods of certain samples from the 1894 and 
1895 crops. 

We had first to consider how far it is possible to form a 
reliable opinion on malting quality as affected by manurial 
conditions when these data are considered separately or 
together. 

1. Weight per imperial bushel alone is a very fair criterion 
of the quality of grain for milling purposes, but it is far from 
being a criterion of equal value for malting purposes. The 
difference between the market values of any two measures 
of wheat for milling of the same ‘natural’ weight will be very 
small, whilst barleys for malting purposes of equal ‘natural’ 
weight frequently vary in market value as much as 50 per 
cent., and occasionally more. The dry substance of grain 
having a specific gravity of about 1-5, it is obvious that 
weight per bushel is largely dependent on the moisture 
content of the grain at the time of weighing, and this is not 
available. The percentage of light grain removed in dressing 
is a valuable datum. A record of this has been preserved 
at Rothamsted, and with ‘weight per bushel’ affords good 
evidence of ‘size of grain’. 

Assuming, as we may, the conditions of grading to be equal 
for the various samples, ‘ weight per bushel ’ may still be high 
with very poor malting quality, and may be moderate with 
very good quality. Whilst the best samples of malting 
barley will almost always have a weight per bushel of at least 
54 lbs. (with normal moisture content), yet samples of unripe, 
hard, steely grain will frequently give this weight and more. 
Anything under 52^ lbs., on the other , hand, will almost 
always mean a high moisture content or small thin grain, 
which, though possibly of good quality in other respects, will 
yield a low extract to the brewer when malted. 

2. Grain per 100 of straw is not a criterion so easy of 
application; but when it is remembered that (unlike wheat) 
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the paleae which form the husk of barley are adherent to the 
grain, and yet partake of the character and composition of 
the straw, it is most probable that a crop which has ‘run to 
straw ’ will yield a more or less husky grain, and, other things 
being equal, a husky grain is an inferior grain for malting 
purposes. 

If now we consider 'weight per bushel’ and 'grain to 100 
of straw’ together, and take a long series of years, we may 
fairly go so far as to say that with low weight per bushel, 
say, under 52j lbs., and with also low weight of grain per 
100 of straw, there is a strong presumption that the grain 
will be of comparatively low malting value. 

As the weight per bushel, recorded for a long series of 
years, will be some indication of the size of the grain on the 
different plots, so, although not so definitely, the ratio of 
grain to straw will probably be found to have some relation 
to maturation. With overmuch straw, maturation of grain, 
both before and after cutting, is not likely to be so perfect 
as with a normal ratio. The grain is likely to come to 
maturity later, and there is more probability of uneven 
ripening, and probably also more difference in the ripeness 
of individual corns on the same spike, for it is an observed 
fact that the lower corns mature first and the upper ones 
later, and with straw heavy, and 'holding out’ longer, this 
difference is likely to be more marked. After cutting, and 
before harvesting, overmuch straw in proportion to grain 
will not favour the mellowing of the grain, which is the 
second and by no means unimportant stage of that complete 
maturation which is associated with the best malting 
qualities. 

On the other hand, with abnormally high ratio of grain 
(or very little straw) the straw may be weak in texture. If 
the crop is light, this will not be of much moment as affect- 
ing quality of grain, but with heavy crops there would be 
conditions favourable to 'lodging’, and consequent loss of 
quality. 

3. With regard to wheat, a very extended series of analyses 
of the Rothamsted produce shows a general connection 
between high nitrogen content and good quality, and the 
reverse. There are, however, many exceptions. With regard 
to barley, the most we can say is, that there is a probability 
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that high relative nitrogenous to carbohydrate content of 
grain is generally found in grain where the low quality is due 
both to thinness of grain and to imperfect ripening. Barleys 
of good quality, however, also not unfrequently yield a high 
percentage of total nitrogen. No determinations of nitrogen 
are available for the barley grown on the Rothamsted plots, 
but Sir Henry Gilbert, in the lecture before referred to, tells 
us that ‘the percentage of nitrogen is almost invariably lower 
in seasons of high maturation We have estimated the total 
nitrogen in the samples of eight plots of the 1894 growth, and 
in those of eleven samples of 1895 growth; and the results 
are given in Table XVIII, p. 176. We may here say that 
we have found certain diflPerences in the character of the 
nitrogenous as well as the carbohydrate matter of barley of 
different qualities and conditions of growth. All that can 
fairly be said with regard to total nitrogen content is, that 
where over a series of years with certain manurial treatment 
it is on the average high, and this characteristic is combined 
with low weight per bushel and low ratio of grain to straw, 
the presumption is strengthened that the particular treat- 
ment is not favourable to growth of grain of good malting 
quality, 

A summary of many analyses of the ash of barley grown at 
Rothamsted under different conditions of manuring is given 
by Sir Henry Gilbert in his lecture, and, to use his own words, 
‘they forcibly illustrate the much greater influence of seasons 
than of manures on the composition of barley grain’. Whilst 
the composition of the straw ash varies much, that of the 
grain ash varies little, with different manurial conditions, and 
variations in the relative amounts of the mineral constituents 
of the grain are not consistently coincident with variations in 
quality. 

Before proceeding to describe the appearance of the grain 
samples preserved at Rothamsted during the period we are 
dealing with, and the results we have obtained by a detailed 
examination of some of them, we may consider how far the 
data already mentioned afford evidence of the effect of 
manurial conditions on quality when they are tabulated for 
different manurial conditions and averaged over a long series 
of years, and especially how far a progressive tendency of 
such of these data as are on record to assert themselves in the 
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later years of such a long period renders this evidence stronger 
still. 

Table XVI shows the weight per imperial bushel of dressed 
grain and the weight of grain to 100 of straw, averaged for 
twenty years, 1852-71, for twenty years, 1872-91, and for 
four years, 1892—95, for each of the thirteen plots which we 
have already referred to. The table also gives the increase 
or decrease in average ‘weight per bushel’ and ‘grain to 100 
straw ’ in the later as compared with the earlier periods. The 
plots are arranged in the order of the average weights per 
bushel for the forty-year period, 1852-91. 

The average ‘weights per bushel’ on the respective plots 
do not vary materially as between the two twenty-year 
periods, but they are higher for the average of the four years 
1892-95 in every case than for the average of the second 
twenty years, 1872-91. This is due to the fact that three 
out of the four years, viz., 1892, 1893, 1895, were years of 
considerably over-average ‘weight per bushel’. 

The average ratio of grain to straw was considerably higher 
for the second than for the first twenty years over the plots 
generally, but the average increase in ratio was much greater 
on some plots than on others. On the other hand, for the 
four years 1892-95 the average ratio was lower than in the 
immediately preceding twenty years (1872-91), but on some 
plots lower and on some higher than in the first twenty years 
(1852-71). 

The columns 4, 5, 6, and 10, 11, 12, therefore, apparently 
indicate the general relative tendency of weight per bushel 
and ratio of grain to straw to increase or decrease under the 
respeetive manurial treatments. But it must be remembered 
that only the four more recent seasons are compared with 
the earlier period, an'd it is possible that the special character- 
istics of these partictdar seasons may have favoured some 
plots more than others. The different periods were not, of 
course, alike in atmospheric conditions, but the differences 
due to these conditions are probably indicated in the averages 
given in the last line of the table, and, comparing the increases 
and decreases on the different plots with these averages, there 
are marked variations, pointing to the effects of prolonged 
supplies of the different manures. 
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Table XVII gives the average produce of dressed grain 
in imperial bushels, and the average weight per bushel of 
dressed grain for the forty years, 1852-91. It also gives the 
percentage of light grain and other ‘taihngs’ removed by 
dressing. A high proportion of hght grain almost certainly 
corresponds with small size in the grain from which it is 
taken. The figures, accordingly, follow pretty closely in 
order those of weight per bushel. 

As regards size of grain, the tables give conclusive evidence 
of the relative effects of the different manures, and the plots 
fall into the three classes indicated. First, and best, manures 
supplying phosphates; secondly, manures supplying alkahne 
salts without phosphates; and thirdly, maniires supplying 
neither. 

S. Samples from selected Plots, 1894 and 1895 

Table XVIII, on the next page, gives all the available data 
(including the results of our analyses of the samples) of eight 
plots in 1894" and eleven plots in 1895. The order in which 
the plots are enumerated is that of their general malting 
quaUty as assessed by inspection of the samples prior to any 
other tests. 

The quahty of grain which is called ‘kindliness’ is a com- 
bination of mellowness or mealiness, good shape of grain, and 
thinness of husk, aU of which qualities are closely connected 
with, and dependent on, good conditions of maturation. We 
believe the appearance of the cut grain as shown by the ‘ Kom 
Priifer’ to be a good indication of maturation, and, in fact, 
generally speaking, to correspond with ‘kindliness’. An 
e?:perienced judge of malting barley will not need the aid of ' 
this instrument in assessing malting quality, but in comparing 
a series of samples its use enables us to represent by the 
proportion of ‘mellow’ to ‘steely’ fractures what could not 
easily be otherwise expressed, however apparent such qualities 
might be to the eye and hand.. 

It should be stated that when a grain shows a semi-white 
fracture,^ as will be the case with many grains in all samples, 
and with most grains in some samples, such grains are counted 
at one-half the value of the fully white grains ; thus a sample 
showing 40 white, 40 semi-white, and 20 steely grains would 
be considered to have 60 mealy grains per 100. 
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Maturation, as indicated by the mealiness of the grain, 
follows general quality closely in both years. The most 
prominent exceptions are the barleys of Plots 2-0 and 1-0, 
which, though better matured than any other, are rather 
small. Weight per bushel also in 1894 generally follows 
quality. It might at first sight be supposed that ‘weight of 
1,000 corns’ would be the best accurate test of size of grain, 
but we have found that the specific gravity of unripe, and 
generally badly matured grain is higher than that of " kindly ’ 
grain. Contrary to what might be expected, the specific 
gravity of the husk is greater than that of the flour of the 
barley, and the hardier, huskier and steelier the barley the 
greater is the weight per 1,000 corns in samples which appear 
to the eye about equal in size. For instance, the barley of 
Plot 2-0 in 1895 appears to the eye much stouter (as well as 
better shape) than that of 3-A and 3-AA, and notwithstanding 
this 1,000 corns of each of the two latter plots are heavier. 

The nitrogen content of the grain does not follow general 
quality closely in either year, but the most mealy sample has, 
as is to be expected, the least nitrogen in both years. 

Fibre is a measure of the huskiness of the grain, and 
generally is in inverse ratio to ‘kindliness’. Ash does not 
always vary in total amount with quality, and the conditions 
affecting its amount are too complex for full discussion here. 

For comparison we append two analyses: (1) of a kindly 
well-matured barley (growm near Downton, Wilts, after 
wheat); and (2) of an imperfectly matured sample (grown in 
Dorestshire — ^previous cultivation not known). The results 
are calculated on the dry matter of the grain. 


(Starch ,..••• 
Sugars . . • • * . • 

Gums (amylans, etc.) .... 
Nitrogen 

N. X 6*25 = albuminoids, so called . 

Fat, etc. (petroleum extract) 

Ash 

Crude fibre ..... 
Undetermined substances by difference 
including ‘Furfuroids’ ( = Furfural x 2) 


( 1 ) ( 2 ) 


Per cwt. 

Per cwt. 

50*50 

48*40 

2*54 

2*73 

2*55 

3*08 

(1*42) 

(2*01) 

8*88 

12*58 

2*02 

2*09 

2*67 

1*67 

4-68 

4*75 

26*16 

24*70 

(10*86) 

(11*39) 

100-00 

100*00 


M 
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4. The Roihamsted Collection of Samples 

We were given an opportunity of examining the collection 
of samples preserved at Rothamsted, representing the produce 
of every plot for every one of the forty -four years. It is 
needless to say that a complete examination (to say nothing 
of a complete assessment of relative values) of this remark- 
able and truly unique collection would be an enormous task. 
The fact that they have necessarily been artificially dried to 
some extent, for the purpose of preservation, has changed the 
original colour of the grain. This altered appearance is much 
the same as that produced by the familiar process of ' sweating ^ 
barley on kilns before steeping, and can be partly allowed for. 
But there is no doubt that, in addition to tliis, there has been 
a change from lapse of time alone, and this may or may not 
be considerable. All that we felt justified in attempting was 
to sort the samples representing the growth of thirteen plots 
for the last twenty-four years (1872-95) into four qualities: 
(1) Samples of over-average size of grain, combined with good 
general quality (or, what is practically the same thing, good 
maturation). (2) Samples of small-sized grain, but of other- 
wise good maturation. (3) Large-sized samples with low 
general quality. (4) Small-sized samples with low general 
quality. As nearly as could be judged by eye inspection, and 
comparison with a tested sample, the samples were put into 
classes 1 and 2 and classes 8 and 4 respectively accordingly 
as they appeared to be over or under 40 grammes per 
1,000 corns. 

Colour of the samples (apart from changes in drying and 
from lapse of time) is obviously mainly a fortuitous quality, and 
was taken no account of in making the above classification. 

The number of samples from each plot which fell into each 
of the four classes is given -in Table XIX, opposite. * 

A weighed quantity of grain was taken from each sample, 
and the samples so taken mixed to give an average sample 
for each plot for the twenty-four years. 

The weight per 1,000 corns and number of mealy corns 
per 100 were determined in each of these average samples 
and the results are given in the table. The relative weight 
per 1,000 corns, combined with * weight per bushel’, gives an 
indication of size of grain ; but whether value attaches to the 
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percentage of mealy corns depends on the nature of the 
changes which the grain has undergone. On this point all 
we can say is that the drying of the samples and their long 
storage have increased rather than diminished the evidence 
of maturation. 

Maturation, or what is nearly the same thing, ‘kindliness’, 
as judged by eye inspection is confirmed as closely as perhaps 
can be expected by the ‘Kom Priifer’ test in the average 
samples representing twenty-four seasons. The only notice- 
able exceptions are ; (1) 4-0, which cut more mealy than 4-A 
(although the sample did not look so kindly), and much more 
so than 4-AA, both of which plots are placed higher in respect 
of number of years falling into the first two classes; (2) the 
produce of the farmyard manure plot, on the other hand, was 
very steely — ^more so than wotdd be expected from external 
appearance. 

Weight per 1,000 corns (as before stated) has to be qualified 
by considering the specific gravity of the grain before it 
becomes a measure of size. Table XVII (in which the figures 
of this column also appear) shows that weight per 1,000 corns 
follows weight per bushel in the respective classes, but that 
it is out of proportion high with nitrogenous manures without 
phosphates. 

These are just the conditions which give (generally) steely 
and husky grain, and therefore grain of high specific gravity. 
The close adherence of the husk to the endosperm in this 
class of barley implies greater weight for individual grains 
than with the more ‘wrinkled’ husk of the kindlier barleys, 
which appear to the eye of about the same size. 

The plots have been arranged in this table (XIX) in order 
of general quality, except that perhaps plot 2-A (ammonia 
salts and superphosphate) should have been put below the 
unmanured plot, 1-0 ; and 7-2 (farmyard manure), on account 
of its size of grain, would, perhaps, generally be valued higher 
than it is placed. The first six plots, however, are brought 
together, to show the contrast between phosphate and no 
phosphate, which the averages do in a striking manner. 

The farmyard manure plot is placed alone. This plot gives 
the maximum yield of the whole series (48f bushels for the 
average of forty years). The grain is stout and heavy, but 
somewhat coarse. 
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The position of plot 1—0 (no manure for forty-four years) 
in respect of quality is interesting. With the lowest quantity 
it has yielded distinctly better-quality grain for the last 
twenty-four years than any other plot not receiving phos- 
phates, even where they have, and perhaps to some extent 
in consequence of their having, had abundant supplies of 
nitrogenous manures, or alkaline salts, or both together. The 
worst plots of the whole series are the two nitrate plots, 
1-AA and 3-AA, without phosphates. The yield on these 
two worst (as to quality) plots is more than 25 per cent, less 
than on the otherwise similar plots, 2-AA and 4-AA, with 
phosphate added, and the difference in value per quarter is 
probably quite as high a percentage. 

The Rothamsted Plots considered seriatim 

The facts relating to each of the thirteen plots tabulated 
in Tables XVI to XIX may now be presented separately for 
each plot, with a view to drawing such general deductions as 
they seem to warrant. Remembering that size of grain and 
maturation are the important factors affected by manurial 
conditions, and that the available data are valuable in pro- 
portion as they are evidence on these points, the notes on 
each plot will be arranged to bring together the various data 
respecting (1) yield per acre, (2) size, (3) maturation, and 
(4) general quality, which may be regarded as a combination 
of the other factors, with something added for a symmetrical 
balance of good points which is revealed by their general 
appearance. The plots are described in the order of general 
malting quality, as arranged in Table XIX. 

(a) Plots with Phosphate 

4-A. Ammonia salts and full minerals as 4-0 

1. Yield, 43j bushels per acre for average of 40 years, only 
exceeded by nitrate and mineral plots 4-AA and 2-AA and 
farmyard manure plot 7-2. 

2. Weight per bushel for average of 40 years, 1852-91, 54 lbs., 
only exceeded by farmyard manure plot (54j). Proportion of 
tailing corn lowest ,of 13 plots. Size of dressed grain best of 
8 samples in 1894, not so good in 1895. 

3. Grain to straw below several incompletely manured plots, 
and about the same as farmyard manure plot for 40 years, 1852-91, 
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but with decided tendency to increase in recent years. Maturation 
second-best of 8 plot samples in 1894, considerably above average 
in 1895. 

4. General quality, best of 8 plot samples in 1894, only exceeded 
by 2-0 in 1895. Plot 4-A yields very much better quality than 
2-A, indicating that a full supply of potash, soda, and magnesia, 
or some of them, is helpful to malting quality where, with ammonia 
and phosphates constantly applied, heavy crops are taken year 
after year. This plot gives the best average malting quality of 
the whole series. Many of the samples, especially in the early 
eighties, are very fine, and over the average of 24 years the grain 
is much better than the generality of malting barley grown in 
ordinary practice. 

2-0. 3^ cwts. superphosphate every year for 44 years 

1. The average yield for 40 years, 1852-91, is 21| bushels, or 
30 per cent, above the unmanured plot, but less than half that of 
several fully manured plots. 

2. The weight per bushel is fairly good, 1|- lbs. above that of the 
unmanured plot for 40 years, 1852-91, and about the average of 
all the plots. It appears to show no tendency in recent years to 
decline. The proportion of tailing corn is very low, being lower 
on only 3 out of 13 plots. The grain was small in 1894, of fair 
size in 1895, and for the last 24 years has been generally much 
above average; although, owing to low specific gravity, 1,000 
corns weigh less than those of many plots winch are much inferior 
in quality. 

8. Grain to 100 of straw is higher than on any other plot, both 
over the 40 years, 1852-91, and also during recent years, showing 
a tendency as compared with the other plots to improve. In both 
1894 and 1895 it was better matured, as judged by the mealiness, 
than that of any other of the 8 and 11 plots respectively. The 
average sample representing growth of 24 years also shows very 
high maturation. 

4. General quality was rather low in 1894 owing to smallness 
of grain, but highest of 11 samples in 1895. For the years 1872-95 
general quality only very little inferior' to the best plot, 4-A. 

^f-AA. Nitrate of soda and full minerals as 4-0 

1. Yield, 45 J bushels per acre for 40 years, 1852-91, 2^ bushels 
per acre more than 4— A (ammonia salts and full minerals). 

2. Weight per bushel high. * Slightly lower than 4-A for average 
of 40 years, but higher in recent years. Proportion of tailing low. 
Size of dressed grain, 1894 and 1895, over average; considerably 
higher than 2-AA in both years. 

3. Grain to 100 of straw low. Maturation lower than 2-AA 
(without potash, soda and magnesia) in 1894 and 1895. 

4 General quality slightly above 2-AA both in 1894 and 1895. 
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2-AA. Nitrate of soda and superphosphate 

1. Maximum yield of 12 plots with artificial manure (45f bushels 
per acre average of 40 years, 1852-91) only exceeded by farmyard 
manure plot (48 bushels). 

2. Weight per bushel above average of 18 plots, but less than 
with the same manure plus alkaline salts. Proportion of tailing 
low. Size of dressed grain small in 1894. Only one of 8 samples 
was smaller, viz. 2-A. In 1895 only two were smaller, viz., 2-A 
again and 1-0 (unmanured). 

3. Grain to 100 of straw low, but relatively higher in recent 
years. Maturation high. Second-best of 8 samples in 1894, and 
third of 11 in 1895. 

4. General quality differs little from 4-AA for average of last 
24 years. Rather smaller grain, but quite as kindly. 


4-0. Superphosphate and alkaline salts 

1. Yield very slightly above 2-0 (superphosphate only); about 
one-half that of fully manured plots. 

2. Weight per bushel equal to average of all plots, but slightly 
less than, 2-0. Well maintained relatively tq other plots in recent 
years. Proportion of tailing low, but slightly higher than 2-0. 
Size of dressed grain, medium in 1894, good in 1895, and for last 
24 years above average. 

3. Grain to 100 of straw very low, and falling considerably in 
recent years. Maturation under average in 1894 and 1895, and 
distinctly inferior to 2-0. Average sample for 24 years second- 
best, and nearly equal to 2-0. 

4. Market value both in 1894 and 1895 less than 2-0; average 
sample for 24 years is inferior in appearance to 2-0, but the 
‘Korn Priifer’ and weight tests come out better than would be 
expected. 


2-A. Ammonia salts and superphosphate 

1. Yield, 42 bushels per acre for average of 40 years, but some 
falling-off in last four years relative to other plots. 

2. Weight per bushel very sHghtly under average, and apparently 
falling as compared with other plots in last four years. Propor- 
tion of ‘tailing’ about average. Size of dressed grain smallest of 
8 samples in 1894, and of 11 samples in 1895; also generally under 
any foregoing plots for the last 24 years, 

8. Grain to 100 of straw slightly over average, and apparently 
with a tendency to increase. Maturation low in 1894, fairly good 
in 1895. In sample representing 24 years generally low. 

4. Market value, only one of 8 samples lower in 1894, and only 
one of 11 lower in 1895. General quality of average sample for 
24 years distinctly inferior to 2-AA. 
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(b) Farmyard Manure 

7-2. Farmyard manure, 14 tons every year for 44 years 

1. Yield, maximum of all plots for average of 40 years, viz., 
48f bushels per acre. 

2. Weight per bushel, maximum of all plots for average of 
40 years, viz., 54 J lbs. per bushel. Proportion of tailing, second 
lowest to 4-A of 18 plots. 

3. Grain to 100 of straw low for 40 years and nearly lowest of 
any plot for 4 years, 1892-95, and evidently declining. This is 
the only one of the 18 plots which shows an absolute decline in 
each successive period. Maturation much lower than any of 
8 plots in 1894, and with 3-A and 8-AA lowest of 11 in 1895. 
Grain in both years is coarse in quality and thick-skinned. 
Table XIX shows that this has been the general character of the 
grain for many years. 

4. General quality nearly minimum both in 1894 and 1895, only 
very slightly better than unmanured plot in either year. Average 
general quality for last 24 years lower than any of the ‘ 4 ’ and ‘ 2 ’ 
plots (those receiving artificial minerals, including phosphates). 
There is evidence of more accumulation of plant food in the soil 
of this plot than is conducive to malting quality. 

(c) Plots without Phosphate 

, 1-0. No manure for 44 years 

1. Minimum yield of 16 J bushels per acre over the 40 years 
1852-91. 

'2. Very low weight per bushel over the same period, with 1-A 
and 1-AA the lowest of the 18 plots, but not quite the lowest for 
the last four years, 1892-95. As compared with the other plots, 
weight per bushel is well maintained in recent years. The pro- 
portion of tailing corn is higher than on any other plot for the 
40 years, except on 1-AA (nitrate of soda only), and the ‘size’ 
very small in 1894 and 1895, and also in average sample of last 
24 years. 

3. Grain to 100 of straw is rather below the average of all the 
plots for the 40 years 1852—91, and tends in recent years to decline 
more than most other plots. The grain of both 1894 and 1895 
was considerably above average mealiness (i.e. well matured), 
being third of 8 plot samples examined in 1894, and second of 
11 in 1895. That of an average sample representing growth of 
24 years is also above the average. 

^ 4. The market value was lowest of 8 samples in 1894 (none of 
8’ senes being then included), and lowest except those of the ‘3’ 
series in 1895. The samples of the last 24 years have been small, 
but much better in general quality than from the great exhaustion 
of the soil would have seemed probable. 
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3-0. Potash, soda and magnesia salts only 

1. Only slightly higher average yield than unmanured plot. 

2. Weight per bushel very low, and falling. High proportion 
of tailing corn. Size of grain for past 24 years about equal to 
unmanured plot, 

3. Grain to 100 of straw high for the 40 years 1852-91, but 
apparently now falling relatively to other plots. Lowest of any 
of 13 plots for four years 1892—95 (except farmyard manure 
plot, 7-2). Maturation as indicated by mealiness low in 1895, 
in average sample representing 24 years equal to unmanured plot, 
and better than the plots following. 

4. Market value, of 11 samples only 3-AA lower in 1895. 


3-A. Ammonia salts and alkaline salts 

1. Yield, 31| bushels, slightly above 1-A (ammonia salts only), 
but much lower than with superphosphate added. 

2. Weight per bushel low. Proportion of ‘tailing’ over average. 

3. Grain to 100 of straw rather under average. Maturation in 
1895 lowest of 11 plot samples. 

4. Market value, only one of 11 plot samples lower in 1895. 
General quality for past 24 years distinctly lower than unmanured 
plot, 1-0. 

1-A. Ammonia salts only 

1. Somewhat higher yield than with minerals only, but about 
30 per cent, lower than with ammonia and minerals. 

2. Weight per bushel very low, same as unmanured plot. 
Proportion of ‘tailing’ very high, only exceeded by unmanured 
plot, 1-AA (nitrate of soda only). 

3. Grain to 100 of straw slightly above average of all plots for 
40 years, 1852-91, but very low in recent years. Maturation of 
average sample representing 24 years very low. 

4. General quality as judged by average sample very low. 
There is little to choose' between this and the two following plots. 

1-AA. Nitrate of soda only 

1. Yield, 13 per cent, better than with ammonia salts only, but 
nearly 30 per cent, less than with superphosphate added. 

2. Weight per bushel below average for 40 years. Proportion 
of tailing high. 

3 and 4. Grain to 100 of straw, maturation, and general quality 
of last 24 years all very low, 

3— AA. Nitrate of soda and alkaline salts 

1. Yield, slightly above 1-AA (nitrate of soda only), but much 
below 2-AA and 4-AA (with superphosphate). 

2. Weight per bushel below average of 18 plots for 40 years, 
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but with apparent relative tendency to rise. Proportion of tailing 
high. Size of grain very small for past 24 years. 

S. Grain to straw lowest of 13 plots for 40 years, but with some 
tendency to relative increase in recent years. Maturation in 1895 
very low, also for the past 24 years. 

4. Market value 1895 lowest of 11 samples, and general quality 
for past 24 years lowest of all the plots. 


5. General Conclusions 

Taking now a general survey of the effects as illustrated 
at Rothamsted of applications of potash and other alkaline 
salts, phosphoric acid, and nitrogen in different combinations, 
and dealing with these three ingredients of manures in the 
order specified, there appears to be some evidence, not 
perhaps conclusive, but at any rate suggesting that the long- 
continued dressings of the alkaline salts have injuriously 
affected in the later years both quality and quantity on all 
the ‘8’ plots. 

In combination with ammonia salts and superphosphate, 
however, on plot 4-A, they have evidently done the reverse, 
for in the later years both quality and quantity have been 
better on this plot than on 2-A. That the results on the 
first-named plots are due to over-accumulation of alkaline 
salts in the soil is made probable by the fact that for the first 
twenty years there was an improvement, at any rate in 
quantity, due to their application, whilst for the second 
twenty years both quality and quantity have deteriorated. 

Considerable effect seems to be produced on the straw by 
these salts. With exhaustion, or insufficient supply of potash, 
there is weak straw, and probably a tendency to 'lodging’ 
where, with full supply of nitrogen, the crop is heavy. In a 
series of experiments on chalk soils in Norfolk, in 1886, 
applications of potash salts very considerably improved the 
barley crop, and some improvement in quantity, though not 
enough to be remunerative, and not apparent in the quality 
of the samples, was also shown in a very large series of trials 
carried out, on many different kinds of soil, in different parts 
of the south of England, by the Bath and West of England 
Society in 1887. It was shown, however, by Dr. J. A. 
Voelcker^ that the Norfolk soil was exceptionally deficient 
1 Coxisulting chemist to the Royal Agricultural Society for over fifty years. 
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in potash, much more so than the Chalk soils in the south of 
England, which showed in the following year some, but much 
less, benefit from applications of potash salts. In 1889 
another extensive series of trials in maiiy localities under the 
auspices of the same Society showed a material gain in 
quantity in almost every case from the addition of chloride of 
sodium (common salt) to nitrate of soda and superphosphate, 
the increase in most cases being considerably greater than 
with potash. The reports of the trials in detail seem to 
indicate that the effect of the salt was to improve the character 
of the straw, but the recorded data were not sufficient to 
judge of its effect on the quality of the grain. 

At Rothamsted apparently the 2-A plot, which (like 2-0 
and 2— AA) has received no potash, soda, or magnesia for 
forty-four years, is the only one of the series which has 
suffered materially, either in quantity or quality, from 
exhaustion of these minerals, and this has been pronounced 
only in the recent years. The crops yielded by this plot 
(with full nitrogen and phosphoric-acid supply) have been 
very heavy, and it would have been surprising if the very 
exceptional fact of no potash supply for so long a period had 
not produced by this time some effect. Why similar non- 
supply of potash has produced comparatively little effect on 
plot 2-AA, which has given larger crops than 2-A, is not so 
easy to explain, unless we could admit that soda (from the 
nitrate) has been able to partially replace potash, and this is 
not probable. 

To sum up the evidence with regard to the influence of 
applications of potash salts on the quality of grain, they 
are only likely to be effective (as to quality) in cases of 
exceptional previous exhaustion or deficiency of potash in the 
soil, but probably quantity and quality of straw will show 
effects of such exhaustion earlier than the grain. It is 
doubtless for this reason that artificial mixtures, sold by the 
leading firms as grain manures, invariably and rightly contain 
a small percentage of potash in addition to a large percentage 
of the more needed (especially for the grain) phosphoric acid. 

We are on surer ground when the influence of phosphoric 
acid on quahty is considered. Sir Henry Gilbert tells us 
that 4n the case of our [Rothamsted] soil, at any rate, 
phosphatic manures have almost invariably a favourable 
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influence on the malting quality of the grain ’ ; and as bearing 
on the relative effects of alkalies and phosphates 'the valua- 
tions almost invariably are lower for the "3” than for the 
"2’’ and "4” samples'. 

It would appear from the particulars already given that 
no plot at Rothamsted from which phosphates have been 
omitted continues to give barley of good malting quality, 
whilst the plot 2-0, which has had no other dressing than 
3|- cwts. per annum of superphosphate, generally yields a 
kindly, well-matured grain of very fair weight per bushel, 
though often small in body, as might be expected from the 
great nitrogen exhaustion. All the ' 2 ’ plots (without potash, 
etc.), in fact, yield grain of better quality than the 'S' plots 
(without phosphate), the difference being in general that 
the '2' samples are more kindly and less husky. Where 
nitrogenous manure is applied in the shape of ammonia salts, 
addition of potash, soda and magnesia to superphosphate has 
improved the quality (on plot 4-A), but where the nitrogen 
is given in the form of nitrate of soda the capacity of the 
soil at Rothamsted to grow barley has not apparently de- 
teriorated much either in respect of quantity or quality from 
non-supply of alkaline salts; plot 2-AA (nitrate of soda and 
superphosphate) has in fact given very high crops, far above 
the average of the whole country, for forty-four years in 
succession, with entire absence of potash supply. Indeed, 
for the forty years, 1852-91, the average with nitrate and 
superphosphate was actually higher (on plot 2-AA) than 
with potash added (on plot 4— AA), and higher than was given 
by any other combination of artificials, whilst in respect of 
quality there has been little to choose between the two plots. 

With regard to the influence of nitrogenous manuring on 
quality, the fact of cardinal importance is that assimilation 
of carbon by the plant and consequent building up of carbo- 
hydrate matter goes on only in proportion as there is nitiuDgen 
supply. That the Rothamsted plots, which have received no 
nitrogenous manures for so long a period as forty-four years, 
continue to give crops of com equal to the average of the crops 
of many foreign countries, shows either how slowly nitrogen 
is completely eliminated from such a soil, or that there is 
some, at present unrecognized, source of supply. This is, 
however, a matter of comparatively little practical interest. 
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Manuring with mineral salts alone is unremunerative, and it 
is only the different effects on quality, if any, of different 
forms of nitrogenous manures, alone or in combination with 
minerals, that need be considered. 

Do artificial nitrogenous manures over an average of years 
give better malting quality than natural manures? Or, to 
put the question somewhat differently, but more practically: 
Is it probable that top-dressings on barley, where (as after 
another white-straw crop) some help is required to obtain a 
full yield, give, generally speaking, better results in respect 
of quality than are likely to-be got from the unexhausted 
residue of excrementitious animal matters remaining in the 
soil? 

It is highly probable that the answer will depend on the 
character of the soil. What is really needed is a series of 
trials extending over several rotations on different soils, in 
which the quality of the grain grown after a corn crop with 
top-dressings should be compared with the quality grown 
after the roots fed off without added manure for the barley 
crop. These are in practice the two sets of conditions to 
which most interest attaches. 

All that we can deduce from the Rothamsted experiments 
as bearing on this question is obtainable from a comparison 
between the farmyard manure plot and those plots treated 
with either ammonia salts or nitrate, and full minerals. And 
this comparison is not on all-fours with a comparison between 
effects of unexhausted residues from fed-off roots in rotation 
and similar artificial supplies to those used at Rothamsted. 
Still, as an absolute demonstration, it is the best available. 
It proves this much for soils like that at Rothamsted: that 
over-supply of organic nitrogen-containing matter in the soil 
is bad for malting quality, and that at least an equal quantity 
of grain with much better average quality can be got from 
top-dressings of artificials when the nitrogen supplied by the 
artificials is adequate in amount and accompanied with the 
needful minerals. If cost of manure is taken into considera- 
tion, the comparatively simple dressing of nitrate of soda and 
superphosphate (as on plot 2— AA) shows the best results over 
the whole period of these Rothamsted experiments. 

It is probable that a smaller annual dressing than fourteen 
tons per acre of farmyard manure would have shown better 
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quality, though doubtless less quantity, than is given by 
plot 7-2, Plot 7-1, which was part of the undivided plot 7 
until 1871, receiving previously the full farmyard manure 
dressing, and which has had nothing since 1871, is now (1895), 
generally speaking, yielding barley of better malting quality 
than the other half-plot, but the fall in crop was very rapid 
after 1871, In 1872 the drop was only five-eighths of a 
bushel per acre; but in 1873 it was six and three-quarter 
bushels; in 1874 eighteen bushels, and for the average of the 
following twenty years about the same. The higher value of 
the grain on this half of the plot in 1895, when it was especially 
marked, was undoubtedly due to better maturation, and it 
is highly probable that this would hold good in most years. 
The ratio of grain to straw is much better than on the con- 
tinuously manured plot, and the lesser weight of straw in 
proportion to grain has doubtless allowed of harvesting under 
better conditions. 

After this, perhaps too long drawn, survey of the results 
of the Rothamsted plots, there remains on the mind very 
strongly the impression that the effect of various manurial 
conditions on the quality of barley depends chiefly on the 
effect which those conditions have on the maturation of the 
grain. Whether or not manurial conditions which lead to a 
substantial increase in quantity will, in addition to such 
increase, improve maturation, or the reverse, depends much 
on atmospheric conditions. A light crop on a partially 
exhausted soil with bright but not too quick-ripening con- 
ditions may give excellent quality, or it may with too rapid 
maturing conditions ‘go off’ whilst still immature, and be 
both steely and husky. On the other hand, a heavy crop on 
a soil with full or over-full supply of plant food may, just by 
reason of its weight, suffer severely during maturation. There 
is little to choose in value per quarter between the grain of 
the ten-bushel crop on the unmanured and the fifty-bushel 
crop on the farmyard manure plots at Rothamsted in 1894, 
although the low value is due to different defects. 

It is generally admitted that barley after wheat (and not 
top-dressed) is smaller in grain than after roots fed off, on 
soil of the same character. It is, however, almost always 
more ‘kindly’. On the other hand, we are told by Mr. Cary 
Coles, of Winterbourne Stoke, Wilts (on whose farm two of 
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the series of barley trials of the Bath and West of England 
Society were carried out), that his experience is that barley 
of good quality, both as to size and kindliness, is generally 
grown after mangel carted off. For mangel there is cus- 
tomarily good preparation as to nitrogen supply, and also 
generally full mineral mamu-ing, thus leaving for the barley 
more available phosphates than will be the case after wheat 
following roots, with sufficient available nitrogen. These 
seem to be conditions — and they are confirmed by the 
Rothamsted results — conducing to good quality, and the 
indication is that top-dressings for barley should give enough 
nitrogen and plenty of soluble phosphates. 


Summary of Manurial Effects on continuously grown 

Barley 

The more important points demonstrated in this survey 
are: (1) There was a manifest deterioration in quality where 
phosphates had been withheld for many years. (2) Addition 
of potash, soda and magnesia salts seemed to have little 
effect on quality at Rothamsted ; where, however, ammonia 
salts were added with superphosphate but without potash, 
there was after many years a deterioration in- quality. This 
was not seen, or only very slightly, where nitrate of soda and 
superphosphate were used without potash, and the difference 
may be due to the fact, demonstrated by Sir J. Henry Gilbert, 
that in the absence of added potash the barley plant takes up 
more soda from the soil, which would be supplied by the 
nitrate of soda and not by the ammonia salts. Professor 
Maercker, formerly of the University of Halle, found excellent 
results to’ follow potash mamuring for barley in Germany. 
He mentions incidentally that barley is in that country 
frequently alternated with sugar-beet. This plant takes up 
much potash, which is aU removed, and not, as with our root 
crops, for the most part returned to the soil. So that under 
these conditions potash manuring is obviously indicated as 
desirable. (3) The farmyard manure plot (14 tons per acre 
every year), whilst giving very heavy yields of both straw 
and grain, gives grain of coarse quality. (4) Ammonia salts 
or nitrate of soda used alone give poor results, both as to 
quality and quantity. (5) Ammonia salts, with super- 
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phosphate, gave good results for many years, but, as before 
stated, both yield and quality fell off in the latter years; 
where potash was also added yield and quality have both 
been very good throughout. (6) Nitrate of soda gave good 
results when superphosphate was added, and the further 
addition of potash did not improve the crop perceptibly. 

Although the quality of the grain on these ‘ continuous ’ 
plots shows considerable differences due to the manures, and 
although these have been fairly constant year after year over 
the period taken as between the different plots, the extent of 
the divergence is slight in some years, and speaking generally 
is far less than between the grain grown on the same plots 
in different seasons. That is to say, notwithstanding the 
extreme exhaustion of some plots and the great accumulation 
in others, the weather has far more to do with the size and 
the maturation of the grain than the cumulative effects of 
fifty years of manurial treatment. 

Briefly, the conclusion arrived at by the investigation of 
the Hoosfield material is that, subject to good atmospheric 
conditions, all the evidence points to sufficient, but not 
excessive, nitrogen supply and abundance of readily assimil- 
able phosphates as the best manurial conditions; and this is 
in harmony with general experience. 



CHAPTER XXI 


INVESTIGATIONS ON ROTHAMSTED (AGDELL 
FIELD) BARLEY 

A MORE complete investigation was carried out by Munro 
and myself on the samples of barley from Agdell Field plots. 
The soil is similar to that of Hoosfield — ^loam with clay 
sub-soil. The barley grown was that of the Chevalier type. 
These experiments were made in order to determine the 
influence of rotations and manures (and of both combined) 
on the quahty of barley. 

Arrangement of the Rotation Plots 

The system adopted was the Norfolk rotation, viz., roots, 
barley, clover (or beans), wheat. The roots preceding the 
barley were carted on one set of plots and fed,^ or cut up and 
spread, on another, and there was a complete duplicate set 
of plots where the land was fallowed after barley instead of 
going into clover or beans. We have therefore four variations 
in the rotation 2 ; 

F. CL Roots FEB, Barley, clover (or Beans), Wheat. 

C. CL Roots CARTED, Barley, clover (or Beans), Wheat. 

F. Fa. Roots fed, Barley, fallow, Wheat. 

C. Fa. Roots CARTED, Barley, fallow. Wheat. 

There is not merely one, but three series of rotation plots, 
each of which has since 1848 consistently received different 
manurial treatment. The first series of four plots has been 
unmanured since the commencement (1848) of the experiment ; 
the second series has had mineral manures only; super- 
phosphate for the first eight rotations, that is, from 1849 
to 1881 inclusive — ^and superphosphate with potash and other 
salts since; the third series has had the same minerals with 

^ As manurial effects are involved added food is inadmissible, and owing 
to this and the condition of the land it has frequently been found necessary 
to cut up and spread the roots instead of feeding them. This qualification is 
to be understood wherever ‘fed’ roots are referred to. 

* F. denotes Fed. Cl. Clover. C. Carted. Fa. Fallow, 
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a rather heavy dressing of nitrogenous manure, viz., 200 lbs. 
ammonia salts, and, since the first course, 2,000 lbs. rape 
cake. The manures were all applied to the root crop pre- 
ceding the barley, and the other crops were unmanured. 
Thirteen full rotations have now been completed, the thir- 
teenth barley crop having been taken in 1897, and 1900 was 
the commencement of the fourteenth rotation with roots. 
There have been therefore, in the period we are dealing with, 
thirteen crops of barley on twelve dilfferent plots, or 156 in 
all. These 156 samples constitute the most interesting and 
instructive set of barley samples in existence anywhere. 


Agdell Field, Rothamsted, Rotation Plots 
Series 1. — No manures since 1847 


1. Roots FED 

2. Barley 

3. CLOVER (or Beans) 

4. Wheat 

(1 F. Cl.) 

1. Roots FED 

2. Barley 

3. FALLOW 

4. Wheat 

(1 F. Fa.) 

1. Roots CARTED 

2. Barley 

8, CLOVER (or Beans) 

4. Wheat 

(1 C. Cl.) 

1. Roots CARTED 

2. Barley 

8. FALLOW 

4. Wheat 

(1 C. Fa.) 

i 


Series 2. — Mineral manures only {superphosphate only 1848—80, 
superphosphate and potash and other salts since) applied to 
turnip crop in each rotation 


1, Roots FED 

2, Barley 

3. CLOVER (or Beans) 

4. Wheat 

(2 F. Cl.) 

1. Roots FED 

2. Barley 

3. FALLOW 

4. Wheat 

(2 F. Fa.) 

1. Roots CARTED 

2. Barley 

3. CLOVER (or Beans) 

4. Wheat 

(2 C. CL) 

1. Roots carted 

2. Barley 

3. FALLOW 

4. Wheat 

(2 C, Fa.) 
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Sekies 3. — Mineral manures as Series 2, and ammonia salts and 
rape cake (equal to 141 lbs. nitrogen) applied to root crop in 
each rotation 


1. Roots FED 

2. Barley 

3, CLOVER (or Beans) 

4, Wheat 

(3 F. CL) 

1. Roots FED 

2. Barley 

3. FALLOW 

4. Wheat 

(3 F. Fa.) 

1. Roots CARTED 

2. Barley 

3. CLOVER (or Beans) 

4. Wheat 

(3 C. Cl.) 

1. Roots CARTED 

2. Barley 

3. FALLOW 

4. Wheat 

(3 C. Fa.) 


From 1905 the twelve plots were reduced to six. i 


After a preliminary examination of all the samples we 
excluded altogether the samples of the first barley year, 1849. 
This left twelve samples for each of the twelve plots — 144 in 
all — ^representing differences in manuring and other soil 
conditions. 

We further reduced them to one-fourth, viz., 36, by making 
in the case of each plot three average samples, representing 
the earlier, middle and later four rotations respectively. We 
had thus three samples for each of the twelve plots, the first 
representing the years 1858, 1857, 1861, 1865; the second 
1869, 1873, 1877, 1881; and the third 1885, 1889, 1893 
and 1897. 

The samples grown on the different plots in the first barley 
year of the experiment (1849), and not included in the average 
samples, are all very uniform in appearance. The colour is 
remarkably good considering the age of the grain. The 
samples have been so well preserved that no one would 
suppose fr6m their appearance that they were more than a 
few years old. 

Tables XX, XXII and XXIV give the Rothamsted record 
of each plot for each of the rotation barley years separately. 
The last column (7) requires explanation, and we have 
hesitated considerably before inserting it, on account of 
possible misconstructions. The barleys of the last rotation 
were valued at Rothamsted by Mr. Hewlins of St. Ives, and 
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Table XX.— Agdell Field, Rothamsted. Barley of First Four 
Rotations, 1853, 1857, 1861, 1865 


1 

2 

3 

4 

5 

6 

7 

8 

Rotation 

Barley 

years 

Weight 
of roots 
fed or 
carted 
before 
barley 

Bushjels 

per 

acre 

dressed 

grain 

Weight 

per 

bushel 

Total 
grain 
to 100 
total 
straw 

Relative 

value 

per 

quarter 

Plot 


Sbbies 1 . — Roots mmumured 


1. Roots CAHTED. 

2. Barley. 3. fallow. 

4. Wheat 

Average 

[ 1853 

1 1857 

1 1861 

1 1865 

cwts. 

37 

45i 

H 

n 

32 

43i 

35^ 

34i 

lbs. 

52- 6 

53- 8 

54- 8 
51-5 

85-0 

106-0 

94-0 

100-2 

s. d. 

28 

27 0 1 
27 6 ( 
24 eJ 

1 C. Pa. 

23 

36i 

53-2 

96-0 

26 10 

1. Roots FED. 

2. Barley. 3. fallow. 

4. Wheat 

Average 

/ 1853 

J 1857 

1 1861 

1 1865 

27i 

34 

H 

9 

33 

44i 

33 

35i 

52- 7 

53- 8 

54- 5 
52*4 

88-3 

102-2 

91-8 

104-3 

28 0 1 
27 6 1 
27 6 1 

26 eJ 

1 F. Pa. 

18 

36i 

53-3 

96-6 

27 1 

1. Roots CARTED. 

2. Barley. 3. clover, 
1850 (Beans, 1854, 
1858,1862). 4. Wheat 

Average 

f 1853 

J 1857 

1 1861 

1 1865 

26 

32 

1 

8i 

m 

48i 

38f 

39 

52-0 

54*5 

54-3 

50-6 

83-7 

105-3 

87-1 

94-1 

27 6 \ 
27 0 [ 
27 6 I 
24 0 J 

1 C. Cl. 

17 

40i 

52-8 

92-6 

26 6 


1. Roots FED, 

2. Barley. 3. clover, 
1850 (Beans, 1854, 
1858,1862). 4. Wheat 

Average 

f 1853 

J 1857 

1 1861 

1 1865 

19i 

20i 

1 

8i 

28| 

m 

29J 

27i 

52- 4 

53- 6 

54- 0 
52-0 

83- 7 
97-1 

84- 6 
102-8 

27 0^ 
27 0 1 
27 6 f 
24 0 J 

1 F. Cl. 

12 1 

3H 

53-0 

92-0 

26 4 


Series 

1. Roots carted. 

2. Barley. 3. fallow. 

4. Wheat 

Average 

2. — Roots 

f 1853 

I 1857 

1 1861 

1 1865 

manurec 

256i 

170^ 

33J 

52i 

1 zoith su‘ 

32 

30i 

32J 

31i 

perphosp. 

52-8 

64a 

65-0 

52-2 

hate only 

93- 4 
111-8 

94- 9 
110-1 

27 6^ 

28 6 1 
28 0 1 
25 6 1 

2C. Pa. 

128 

31i 

53-5 

102-5 

27 4 

1. Roots FED. 

2. Barley. 3. fallow. 
4. Wheat 

Average 

f 1853 

1 1857 

1 1861 

1 1865 

273J 

193J 

40i 

79i- 

39J 

48i 

40i 

39 

51-7 

54-0 

650 

62-2 

87-6 

105-3 

94-1 

101-8 

27 0^1 
29 0 1 

28 6 1 
26 6 ] 

2 P. Pa. 

147* 

41i 

63*2 

97-4 

27 6 
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Table XX — continued 


1 

2 

3 

4 

6 

6 

7 

8 


Barley 

Weight 
of roots 
fed or 

Bushels 

per 

acre 

Weight 

per 

Total 
grain 
to 100 

Relative 

value 

Plot 

Rotation 

years 

carted 

dressed 

bushel 

total 

per 




before 

barley 

grain 

straw 

quarter 




Series 2. — Boots manured with superphosphate only (continued) 


1. Roots CARTED. 

2. Barley. 3. clover, 
1850 (Beans, 1854, 
1858, 1862). 4. Wheat 

Average 

1 

'1853 

1857 

1861 

^1865 

cwts. 

223-i 

136 

29i 

68 

28f 

m 

30i 

33i 

lbs. 

52-7 

54-1 

54-9 

52-3 

90-0 

108'5 

88-8 

110-1 

s. d. 

27 0^ 

28 0| 
28 0| 
27 Oj 

>■ 

2 C. Cl. 

114 

soj 

53*4 

99-4 

27 6 

1. Roots EED. 

2. Barley. 3. clover, 

■ 1850 (Beans, 1854, 

1858, 1862). 4. Wheat 

Average 

1 

'1853 

1857 

1861 

1865 

250i 

196 

38| 

78i 

37| 

62i 

42i 

41i 

52-0 

54-1 

65-0 

51-9 

83-5 

106-5 

95-2 

98-6 

26 6^ 
28 6 1 
28 0 1 
24 6 J 

1 

2 P. Cl. 

141 

43i 

53-2 

' 95-9 

1 26 10 

Series 3. — Boots 

1. Roots CARTED. ] 

2. Barley. 3. fallow. 
4. Wheat 

Average 

manured i 

ri853 

J 1857 

1 1861 
U865 

with mm 

408i 

328i 

m 

182i 

d minerc 

37i 

47i 

60i 

44| 

ils and n 

530 

54-8 

550 

529 

itrogenou 

86-8 

112-1 

89-3 

100-2 

5 manures 

26 61 1 
28 6 1 
28 6 [ 
25 6 J 

f 

3 C. Pa. 

251 

47| 

53-9 i 

97-1 

27 3 

1. Roots FED. 

2. Barley. 3. fallow. 
4. Wheat 

Average 

j 

ri853 

1 1857 

1 1861 
tl865 

390i 

339i 

87 

185J 

37 

66f 

57| 

46i 

51-2 

54- 3 

55- 0 
51-6 

70-7 

103-4 

80-9 

75-7 

25 01 
28 0| 
28 0| 
24 OJ 


3 F. Pa. 

250 

51J 

53-0 

82-7 

26 3 

1. Roots CARTED. 

2. Barley. 3, clover, 
1850 (Beans, 1854, 
1858, 1862). 4. Wheat 

Average 

< 

fl853 

1 1857 

1 1861 
[1865 

396i 

333| 

87i 

176J 

38i 

48 

60f 

47J 

52- 6 
54*6 
54-8 . 

53- 0 

87-1 

112-2 

87-6 

98-4 

26 01 
28 Ol 
28 0 1 
25 oJ 

1 

3 C.'Cl. 

248 

48J 

63-7 

96-3 

26 9 

1. Roots FED. ^ 

2. Barley. 3. clover, 
1850 (Beans, 1854, 
1858, 1862). 4. Wheat 

Average 

< 

fl853 

1 1857* 

1 1861 
tl865 

386 

341J 

72 

168J 

35i 

63i 

64i 

43S 

51- 5 

54- 5 

55- 3 

52- 2 

74-3 

103-5 

81-4 

79-5 

24 6^ 
27 6 
27 6 
24 0^ 

i 

3P.C1. 

242 

49i 

53-4 

84-7 

25 10 
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Mr. Few of Cambridge, and the figures given for these years 
are theirs. For the figures attached to the other years we 
are alone responsible. It seemed difficult in any other way 
than by pricing the samples to indicate their general quality, 
but it wiU be readily understood that it is not an easy task to 
‘value’ barleys grown in 1853, and at intervals of four years 
since. The samples were dried when they were originally 
put up, in order to preserve them, and they have been pre- 
served in airtight bottles, most of which have never been 
opened from the time they were originally sealed up. They 
have doubtless altered somewhat in appearance from lapse 
of time. However, having been kindly given every possible 
facility for examining them in the sample-house at Roth- 
amsted, we found that there still were distinct differences of 
quality observable between the samples. 

It is almost needless to say that the values are not intended 
to be any other than comparative, and that they have no 
relation to the market values in the years of growth. More- 
over, we are not prepared to justify the valuation as between 
different years. There is a strong likeness, as would be ex- 
pected, between the twelve samples of each year in respect of 
colour and general appearance. But as between the samples 
of different years there is, of course, the widest difference in 
general character, differences which in ordinary practice do 
not confront a buyer or a seller. For instance, the barley 
of 1885 is all bright in colour; that of 1889 is all weathered; 
whether the average difference amounts to between 4s. and 
5s., as we have estimated, or to more or less than this, is a 
matter on which opinions would probably vary greatly. 
Only an approximation could be attempted in respect of 
comparative values in different years. What was done was 
to fix a price for one sample in each year and to value the 
others of the same year up or down from that. If the values 
as between the barley of the different plots are fairly com- 
parative in each year, then the averages of these values will 
be comparative also, and as our purpose here is to compare 
plot with plot, rather than year with year, this is all that is 
required. We may add that the values were all assessed 
before any other determinations were made upon the 
samples. 
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Characteristics of different seasons: first period, 1853, 
1857, 1861, 1865 

1853 

The barley of this year is of very different character from 
that of 184P, much smaller, dingy, and washed. Weight per 
bushel very low, 51 to 58 lbs. Much more difference in 
quality between plots than in 1849, but little difference in 
yield considering that on Series 3 crops of 19 to 20 tons of 
roots had been grown, whilst on Series 1 there were less than 
2 tons. Neither effects of manuring for the roots nor of 
feeding and carting have much influence on yield of grain, 
although the feeding of heavy root crop gives much more 
straw. There was a very wet July unfavourable to grain 
formation. 

1857 

A record year in respect of yield. After fed roots fully 
manured, the extraordinary crop of 66| bushels was grown, 
the highest ever given by any plot. Quality is above the 
average of the four years, and better on the high-yielding 
plots fully manured for roots than on the others. Very high 
yield and fair quality for once go together. The grain is not 
plump or heavy, but it is very well matured, especially on 
the high-yielding plots. A season favouring land in good 
heart during the vegetative period, and also specially favour- 
able at the time of grain formation, for notwithstanding very 
heavy straw there was a very high ratio of grain to straw. 
A table given by Sir Henry Gilbert ^ shows that there was a 
mild and rather dry spring, followed by a very hot summer 
and early harvest. 

1861 

With all the twelve different preparations for the crop 
there was little difference in quality although great difference 
in yield. The root crop of 1860 was nearly a failure on all 
the plots, and the differences in yield are due to manurial 
residues, but the quality on every plot was evidently influenced 
mainly by the season. It was all large and heavy but coarse, 
badly matured grain. 

^ Laxoes Agricultural Trust Lectures^ U.S. Dept. Agric., p. 73. 
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1865 

The preceding root crop was again poor. The barley was 
over-average yield on aU plots, but harvesting conditions 
affected both yield and quality considerably, for all the grain 
was badly weathered — ‘ over-matured ’ in fact. It was small, 
uneven, and light; altogether of lower value than that of any 
of the other twelve barley years. A backward spring suc- 
ceeded by very hot weather and excessive rainfall, not good 
for grain formation, and a wet harvest spoilt the crop. 

Tables XX, XXII and XXIV, which give the full records 
relating to the produce on each plot in each year, are too 
complex to be commented on in detail and are inserted 
mainly for purposes of reference. Table XXI, p. 201, gives 
for each plot separately the averages, for the first four 
rotation barley crops, of the recorded figures relating to pro- 
duce, also the averages of the relative money valuations, and 
in the last three columns the determinations which we made 
upon the average samples of the twelve plots. These are: 

1. Weight in grammes of 1,000 grains, affording comparison 

in respect of size of grain. 

2. Percentage of ‘mealy’ grains, i.e. grains which when 

cut show white fractures, indicating the degree of 
maturation. 

8. Percentage of total nitrogen,^ which wiU be found to 
vary with great regularity with the ‘maturation’ in 
the samples of the same years. The more fully 
matured the grain the lower is the relative nitrogen 
content in barley of the same years. Barleys of 
different years cannot be so compared, as wiU be seen 
by contrasting Table XXI with Table XXIII, p. 209, 
in respect of this relation. 

During the four years summarized in Table XXI the 
yield of grain on the unmanured plots is remarkably well 

1 These percentages have not been worked out to percentage of ‘dry matter 
of the grain’ ; but as the samples of the same year have all been dried and 
prese]^ed alike this will not affect the value of the determinations for com- 
parative purposes. The moisture content of the various samples is about 
10 per cent., and does not vary appreciably, as we have satisfied ourselves 
from a number of moisture determinations. 



Table XXI. — ^Agdell Field, Rothamsted, Rotation Plots. Averages of Four Barley Years, 

1853, 1857, 1861, 1865 


Plot 

1 C. Fa. 

1 F, Fa. 

1 C. Cl. 

1 F. Cl. 


1 2 C. Fa. 

2 F. Fa. 

2 C. Cl. 

2 F. Cl. 


cd ,ca .-4 rj 

O pq d fsj 

CO CO CO CO 


Total 

nitrogen 

per 

cent, of 
average 
sample 

r-l oa CO 00 
-ft cp -ft 'fl 

rH iH 

1— t 

CO 01 
cp cp Cp 
r-I rH rH 

1-36 

rH kO t- rH 
^ kp ^ CO 
iH iH iH rH 

1-51 

Mealy 
corns 
per 100 
of 

average 

sample 

JH 'Ijl (M 

CO CO CO *o 

o 

CD 

a> 05 th ^ 

CO CD t* CO 
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Table XXII.— Agdell Field, Rothamsted, Barley of Second 
Four Rotations, 1869, 1873, 1877, 1881 
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Table XXII — continued 


1 

Rotation 

2 

Barley 

years 

3 

Weight 
of roots 
fed or 
carted 
before 
barley 

4 

Bushels 

per 

acre 
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maintained, and on the other plots well above the average. It 
is also higher than that of the iSrst year, 1849. But the quality 
is very inferior in three out of the four years. The samples 
show what is so frequently seen, that with over-average yield 
there is little reason to hope for over-average quality, but 
rather the reverse, and that seasons which show the best 
return for expenditure in preparation are very often not those 
which give the finest grain. With wheat, good yield and good 
quality often go together; but there are two reasons why 
wheat and barley differ in this respect. Weight per bushel 
is generally a good criterion of the quality of wheat and this 
frequently goes along with good yield, but it is not to the 
same extent a criterion of the value of barley, and it is not 
so likely to go with high yield. The other obvious reason is 
that barley suffers more from adverse harvesting conditions, 
and a fortnight’s bad weather is, in our climate, just as likely 
to supervene on a heavy as on a light crop, with much worse 
results to barley than to wheat. 

The good effect of phosphates on quality, which is so plainly 
shown by the continuous barley plots at Rothamsted, is also 
apparent in the rotation crops of the four years now under 
consideration. The quality of grain on the four plots of 
Series 2, where only superphosphate has been applied to the 
preceding root crop, is distinctly better than that of the 
corresponding plots of Series 1, where no manure was used 
for the roots. There has been better grain formation, as is 
shown in increased ratio of grain to straw, and distinctly 
better maturation with less nitrogenous matter in the grain. 
The average weight per bushel and the size of the grain are 
practically the same on the three series of plots, but these 
are not, as we believe, data from which the malting quality 
of grain can be safely deduced. 

It is evident that the lower quality on the unmanured plots 
is due to want of phosphates and not to lack of condition 
from non-supply of nitrogen, for if the latter were the case 
we should find that where the preceding root crop was much 
heavier than on the ‘superphosphate only’ plots, as it was 
on the plots of Series 3 with full nitrogenous and phosphatic 
manures, there would have been still better quality; but this 
is not the case, and the evidence is irresistible that the better 
quality of the barley on the plots where superphosphate only 
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was applied to the roots is due directly to the supply of 
soluble phosphates. 

In these first four courses, then, the quality of the barley 
evidently did not suffer from exhaustion of nitrogen on the 
unmanured plots, but it did suffer from over-supply to the 
plots of Series 3. Here the residue from the heavy compound 
manuring where the roots were carted, and the still heavier 
residue where they were fed, gave a much greater yield of 
grain than where no nitrogenous manure was used, but the 
quality was distinctly inferior to that of Series 2, and little 
if any better than that of Series 1. 

‘ We will now consider the effect on the quality of the grain, 
as it appears to have been influenced by feeding and carting 
respectively. There is not much difference shown. Where 
the root crops have been heavy, as on Series 3, the ‘roots- 
carted’ plots give barley of better quality than the corre- 
sponding ‘roots-fed’ plots. The average difference amounts 
to perhaps Is. per quarter in value, and is shown in the better 
maturation and lower nitrogen content. It is strange at 
first sight to find that in this series the ^ roots-fed ’ plots three 
years out of the four give no higher yield than the ‘roots- 
carted’ plots. But all the crops are heavy, the lowest 37 
and the highest 67 bushels per acre, and it would appear that 
in these four seasons the nitrogen supply was superabundant 
for grain formation. In each of the four seasons the straw 
was very much heavier on the ‘fed’ plots, and the ratio of 
grain to straw was lower than on the ‘carted’ plots. Both 
in 1857 and in 1861 the total produce (i.e. grain and straw) 
of the ‘fed’ plots of Series 3 was over 3 tons per acre, one of 
the two plots in 1861 yielding close on 2 tons of straw. On 
Series 2, with very fair but much lower yields (28 to 42 bushels 
per acre), in these four seasons there was hardly any percep- 
tible difference in quality between the fed and carted plots. 
The root crops were generally 5 or 6 tons per acre lower on 
these plots than on those of Series 3, and there is no sign that 
the feeding of them supplied in any case more nitrogenous 
matter than the barley needed, either for quantity or quality. 
The differences- in yield and quality of grain due to feeding 
as against carting roots on Series 1 (unmanured roots), where 
after the first course there was almost a complete failure of 
the root crop, will neither in these four seasons nor in the 
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following ones require consideration. On all these plots the 
land is practically unmanured fallow before the barley crop, 
and the only point to notice is that both yield and quality 
are the better for this previous fallowing, if it is possible to 
judge by comparison with the plot in the Hoosfield, where 
barley is grown year after year without manure. 

Lastly, in respect of these four seasons, 1853, 1857, 1861, 
1865, we have to consider the effect of clover or beans as 
against fallow in the rotation. Clover was sown with the 
barley in 1849, 1853, 1857 and 1861, but the last three crops 
failed, so in the following years (1854, 1858, 1862) and in 1866 
beans were grown instead. Almost uniformly on all three 
series the inclusion of the leguminous crop in the rotation 
lowers somewhat the quality of the barley. The value of 
the leguminous crop in the rotation is of course out of com- 
parison with the slight effect on the quality of the barley, 
and the point is only interesting as throwing light on the 
question of how far quality is affected by improved ‘ condition ’ 
of soil, due to the under-surface accumulation of nitrogen 
which the clover, at any rate, promotes. 


Second period, 1869, 1873, 1877, 1881 
1869 

The barley of this year is rather small, generally heavy 
grain, somewhat hard but of good colour and shape, slightly 
grey, perhaps from weather conditions before cutting, still 
very usefrd grain of over-average value. The grain of 
Series 1, unmanured for roots, is smaller but rather mellower 
than that of the others. The differences in value of the various 
samples are slight, and there is, as is the case in almost every 
season, a certain uniformity of character or family likeness 
about all the twelve samples. The roots of the preceding 
year were a complete failure, and between the plots where 
they are usually carted or fed, respectively, there was no 
difference to speak of, either in yield or quality. The 3 deld 
generally was about an average and the quaUty evidently was 
influenced far less by soil than by atmospheric conditions. 
There was a rather backward plant in the spring, followed 
by a summer dryer than average. 
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1873 

Very shapely grain, generally well matured, and differences 
in quality, due to preparation, slight. There are this year 
great differences in yield between the plots following roots 
‘fed’ and ‘carted’ respectively. The root crops had been 
good on the fully manured plots (16 to 17 tons) and the 
season favoured the effect of manuring and feeding on yield, 
without producing marked differences in quality. There was 
a fine growing July, favourable for grain formation, and 
maturation was fairly good. 


1877 ■ 

The grain is not unlike that of 1873 in character. Again 
the weight of the root crop and its disposal tells on the yield 
of the barley, and the quality is over -average with fair crops. 
The plots unmanured for roots, with consequent failure of 
that crop, show signs of exhaustion, not only in the yield 
but in smaller and more uneven grain. The proportion of 
grain to straw is very high on all the plots. It was an 
unfavourable season for vegetation, with a late harvest, and 
there were more differences than usual in quality, due to 
differences in preparation. 


1881 

There is again considerable difference in the quality of the 
barleys of the different plots. Previous manuring tells this 
year on weight of grain and quality generally. High yield 
and good quality go together, and the 50 -bushel crops of 
plots, where over 20 tons of roots were fed the previous year, 
are fully 4s. a quarter better than those of the unmanured 
plots, distinctly better also than those of the superphosphate 
only plots, where the root crop was only half the weight. 
The best samples are shapely and well matured. The high 
ratio of grain to straw shows that this was a favourable 
season for grain formation. 

The second period of sixteen years gives four barley crops, 
the quality of all of which is better than either of the previous 
four, although neither is quite equal to the first crop of all, 
that of 1849. The yields, however, are not so good even in 
the years when full manuring has given abundant root crops 
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preceding the barley. On the continuously unmanured plots, 
of course, the yield has fallen away, and varies on the four 
different plots in these four years from 20 to 25 bushels per 
acre; general exhaustion has told on the quality of the grain 
also, which in most years is inferior by 2s. per quarter to 
that of Series 2 and 3. On Series 2 (superphosphate only 
applied to the roots) the yields, as compared with the previous 
period, are not more reduced than on Series 3 (full manuring 
for the roots), which gives good crops (38| to 50j bushels 
per acre), though not so heavy as the exceptional ones of the 
previous period. The effect of the phosphates on quality 
continues to be clearly shown, for, notwithstanding the 
obvious nitrogen exhaustion, the samples of Series 2 are on 
the average fully equal to those of Series 3. The wholly 
different character of the four (1869-73-77-81) seasons from 
that of the previous four (1853-57-61-65) is most plainly 
shown in the quality of the barley on the plots of Series 3, 
the later seasons having favoured grain formation to a much 
greater extent than vegetation. Putting the four plots of 
this series together, the ratio of grain to straw in the later 
years was distinctly better (94-3 of grain to 100 straw, against 
90-2), and we estimate the quality of the grain to be between 
3s. and 4s. a quarter better accordingly. Table XXIII, on 
the next page, shows these points in greater detail. 

The plots where clover or beans are grown after the barley 
show the same relations, in respect of the quality of the 
grain, to those fallowed after barley as have been already 
noted. In three out of the four rotations the crop succeeding 
the barley was beans. Clover was sown with the barley only 
in 1878. It gave three cuttings in the following year, and 
the effect of the undoubtedly improved ‘condition’ of the 
land is very manifest in much better yield in 1877; the yield 
is from 3 to 7 bushels more on the clovered plots of Series 2 
and 3 than on the corresponding fallowed plots. The grain is 
larger and heavier, but the maturation is generally perceptibly 
lower. 

Third period, 1885, 1889, 1893, 1897 
1885 

If we leave- out of account, as we shall now do, the quahty 
of the grain on the plots where no manure has been apphed 
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for nearly forty years, the grain of 1885 is of better quality 
than that of any previous year. One sample, especially that 
of the plot 8 F. Fa. (fed roots before, and fallow after, barley), 
is better than any other sample of the whole fifty years. 
The grain on all the plots is very bright in colour and 
generally of very good appearance, with considerable 
variations, however, and much better on the plots following 
fed roots than on those where the produce was carted off. 
The yield of the different plots also varies greatly, only one 
plot, 3 F. Cl. (fed roots before, and clover following, the 
barley), giving anything like a full crop, viz., 44f bushels. 
This is 12 bushels more than 3 F. Fa. above referred to, but 
the quality on the clovered plot is a good 3s. per quarter 
lower. Contrary to what was generally the case in previous 
years, a season which has given good quahty of grain has 
given a very low ratio of grain to straw. Not that the bulk 
of straw on the ground has been heavy, but that the grain 
has been, though well formed and of over-average quality, 
still more deficient in quantity. All the different conditions 
as to preparation tell considerably, and consistently with 
each other. The feeding of the roots, which were about 
average crops (14 to 15 tons on Series 3, and 7 to 10 tons on 
Series 2), as against the carting of them, improves both 
quantity and quality of produce on both series of plots. 
The effect of previous clover in the rotation is still more 
marked, almost doubling the yield in some cases, but with 
lower quality, except in the case of one pair of plots, viz., 
2 C. Fa. (carted roots, barley, fallow) and 2 C. Cl. (carted 
roots, barley, clover). The quality on the latter plot as 
well as the yield is slightly the better of the two. It is 
noteworthy that this exception to the general effect of the 
leguminous crop in the rotation on the quality of the barley, 
which appeared for the first time in the 1881 crop, is repeated 
in subsequent rotations. It would seem as if where super- 
phosphate only and no nitrogen is applied as' manure, and 
the roots are carted off the land, the effect of the nitrogen 
accumulation of the clover crop is ultimately beneficial to 
quality. In 1883 there was a cold, wet and backward spring, 
unfavourable for a good plant, but a dry warm summer and 
early harvest. 
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1889 

A bad barley year. The crop was one of the worst in 
respect of yield, and nearly the worst in quality of the whole 
fifty years. Even where over 20 tons of roots were fed off 
there was not more than 26|- bushels of grain. Low weight 
per bushel, bad colour due to very unfavourable harvest 
conditions, and rough, uneven appearance are the conse- 
quences of a season which levelled down all the previous 
preparation to an all-round unsatisfactory result, 

1893 

Except that the grain is less weathered than that of 1889, 
there is little to choose between the two years. The yield 
is even worse than in 1889, and the grain is coarser and worse 
matured. The ‘fed’ root plots are slightly better than the 
‘carted’, and fallowing again gives better grain than where 
beans were grown in the last rotation. There was a very 
dry spring and a very wet July. The season is clearly 
responsible for a poor plant and poor grain formation, so 
that with little straw there is (in proportion) still less grain, 
and, finally, imfavourable conditions for maturation. 

1897 

Another unsatisfactory barley year, but with redeeming 
features not present in the two previous ones. The effects 
of the preparation of the previous year, viz., fed and carted 
roots respectively, are seen in the yields, for whilst the 
‘carted’ root plots give generally lower yields even than in 
1893, on the plot 3 F. CL, where a fully manured and heavy 
crop of roots was fed, and where there was clover in the 
rotation (that is to say, where the conditions conformed most 
closely to general practice), there was harvested nearly double 
the crop grown in 1893, viz., 42j bushels in 1897 as against 
25 J bushels in 1893, and that, moreover, of several shillings 
per quarter better value. The harvesting conditions, however, 
were very adverse, and whilst the grain was well enough 
matured on some of the plots, it was more or less weathered 
before it could be got together. It was a season when, with 
good preparation, there was before harvest the promise ol 
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Table XXIV.— Agdell Field, Rothamsted. Barley of Third 
Four Rotations, 1885, 1889, 1893, 1897 


1 

Rotation 

2 

Barley 

years 

3 

Weight 
of roots 
fed or 
carted 
before 
barley 

4 

Bushels 

per 

acre 

dressed 

grain 

5 

Weight 

per 

bushel 

6 

Total 
grain 
to 100 
total 
straw 

7 

Relative 

value 

per 

quarter 

8 

Plot 

1. Roots CAETED. 

2. Barley. 3. fallow. 

4. Wheat 

Average 

Serie 

fl885 

J 1889 

1 1893 
Uso? 

s 1. — Ro 

owts. 

17| 

15 

15i 

ois unma 

15i 

15^ 

19| 

Hi 

nured 

lbs. 

64-5 

52-7 

55'8 

51*4 

58-3 

87-7 

72-5 

70-5 

s. d. 
28 0"| 

25 0 

26 6 
30 6 


1 C. Pa. 

14 

151 

53-6 

72-2 

27 6 

1. Roots FED. 

2. Barley. 3. fallow. 

4. Wheat 

Average 

fl885 

J 1889 

1 1893 
[1897 

20i 

23 

12| 

24i 

22} 

16| 

19 

13i 

54*6 

52-2 

55-5 

51'3 

72-9 

90-6 

68-3 

68-0 

29 O"^ 

25 6 

26 6 
31 0 


1 F. Fa. 

20 

18 

53-4 

75-0 

28 0 

1. Roots CARTED. 

2. Barley. 3. clover 
(Beans, 1890). 

4. Wheat 

Average 

fl885 

J 1889 
i 1893 
[1897 

5 

2J 

6i 

n 

12} 

11 

16i 

11} 

60-8 

51-0 

65-3 

51-3 

54*3 

62-2 

69*8 

54-0 

1 


1 0. Cl. 

5 

12} 

621 

60-0 

26 3 

1. Roots FED. 

2. Barley. 3. clover 
(Beans, 1890). 

4. Wheat 

Average 

ri885 

J 1889 

1 1893 
[l897 

12 

8 

6i 

Hi 

16 

12f 

14i 

Hi 

51-3 

51-4 

55-8 

51-7 

62-1 

76-9 

63-9 

70*1 

27 6^ 
24 6 
26 0 
29 0, 


1 F. Cl. 

9 

13f 

52-5 

68-2 

26 9 

Series 2. — Roi 

1. Roots CARTED. 

2. Barley. 3. fallow. 
4. Wheat 

Average 

ots manut 

fl885 

J 1889 

1 1893 
[l897 

‘ed with s 
159| 
142i 
226i 
161 

wpeTpho& 

12} 

15} 

13 

12i 

phate an 

53-7 

52*6 

65-8 

62-1 

d other m 

75-8 

83-9 

66*1 

73-0 

dnerals 

29 01 
26 0 
27 6 
31 0 


2 C. Fa. 

172 

13i 

, 63-6 

74-7 

28 4 

1. Roots FED, 

2. Barley. 3. fallow. 
4, Wheat 

Average 

ri885 

J 1889 
] 1896 
[l897 

172i 

166 

263i 

177i 

m 

19i 

15i 

19i 

66-3 

62-6 

56-0 

62-2 

74-1 

98-1 

73*5 

77*6 

32 6*^ 
26 0 
28 0 
32 Oj 


2 F. Fa. 

194 

18 

64-0 

80*8 

29 7 
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Table XXIV — continued 


1 

Rotation 

2 

Barley 

years 

3 

Weight 
of roots 
fed or 
carted 
before 
barley 

4 

Bushels 

per 

acre 

dressed 

grain 

5 

Weight 

per 

bushel 

6 

Total 
grain 
to 100 
total 
straw 

7 

Relative 

value 

per 

quarter 

8 

Plot 

Seeies 2. — Boots mw 

1. Roots CAETED. 

2. Barley. 3. clovee 
(Beans, 1890). 

4. Wheat 

Average 

nured wit 

fl885 

J 1889 

1 1893 
[1897 

h superpi 

cwts. 

173i 

207 

202|- 

215i 

hospTiate 

19i 

21| 

15| 

22J 

a^td oih&i 

lbs. 

53-9 

53-3 

56-0 

53-4 

r miner a] 

76-1 

96*7 

71-4 

71-2 

Is {contim 

, s. d. 
29 6"| 
26 0 1 
27 0 f 
33 Oj 

led) 

2 C. Cl. 

200 

20 

54-1 

78*8 

28 9 

1. Roots FED. 

2. Barley. 3. clovee 
(Beans, 1890). 

4. Wheat 

Average 

fl885 

J 1889 

1 1893 
[.1897 

206 

249i 

254i 

240i 

32i 

29i 

191- 

37J 

55-8 

53-8 

57-0 

53-9 

77-8 

101-5 

82-6 

76-0 

31 61 
26 6 1 
28 0 f 

1 33 6 J 

2 P. Cl. 

238 

29-1 

1 

55-1 

1 

84-5 

29 10 

Seeies 3. — Boots 

1, Roots CAETED. 

2. Barley. 3. fallow. 

4. Wheat 

Average 

manured 

fl885 

J 1889 

1 1893 
[.1897 

mth mw 

298J 

431i 

623i 

345 

ed mineri 

19 

20 

18|- 

21J 

%l and ni 

55-2 

52-4 

57-2 

52-7 

irogenoui 

73-0 

91-9 

72-5 

80-2 

} manures 

32 61 
26 6 1 
28 6 f 

32 oJ 

3 C. Pa. 

399 

19f 

64-4 

79-2 

29 10 

1. Roots FED. 

2. Barley. 3. fallow. 

4. Wheat 

Average 

ri885 

J 1889 

1 1893 
[.1897 

296J 

4231 

500i 

.331i 

32i 

23i 

25| 

35f 

56- 3 
63'1 

57- 1 
63-8 

66-4 

71-5 

80-2 

77-1 

35 01 

27 0 1 

28 0 f 
32 oJ 

3 P. Pa. 

388 

29J 

66-1 

73-8 

30 6 


1. Roots CAETED. 

2. Barley. 3. clovee 
(Beans, 1890). 

4. Wheat 

. Average 

ri885 

J 1889 

1 1893 
Li897 

286i 

472| 

473 

mi 

34f 

26| 

20i 

30i 

65-8 

53- 7 
66'8 

54- 2 

79-8 

86-0 

76-3 

75-5 

32 01 

27 Ol 

28 0 f 
32 oJ 

3C.C1. 

394 

28 

65-1 

79-2 

29 9 


1. Roots FED. 

2. Barley. 3. cloves 
(Beans, 1890). 

4. Wheat 

Average 

fl885 

J 1889 
] 1893 
tl897 

280i • 
417i 
3331 
319i 

44i 

25i 

25i 

42i 

56*6 

53-4 

57*1 

63*6 

75-6 

67*9 

75-9 

71-3 

32 01 
26 0 [ 
27 6 f 

32 6j 

- 3P.C1. 

338 

34i 

63-2 

72-7 

29 6 
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both good yield and good quality. On the exhausted plots 
there was never any promise of either, as is shown by the 
very poor yield (lower than that of any previous season in 
several of them), by the very low proportion of grain to 
straw, and by the very thin grain; but on the plots well 
prepared there was every promise of high quality as well as 
good yield, and notwithstanding the weathering of the grain 
it was on these plots of over-average quality. There was a 
wet spring. July was a good corn month, Wt rain came in 
the middle of harvest. 

The last sixteen years of the period under review, with 
barley in the years 1885, 1889, 1893, 1897, would be expected 
to show more clearly than either of the two preceding crops 
the cumulative effect of high manuring for the root crop as 
against mineral manuring only, both where the roots are 
carted and where they are either fed, or cut up and spread 
on the land; and they would also be expected to show clearly 
the effect on ‘ condition ’ of soil and character of grain due to 
inclusion or exclusion of a leguminous crop (clover or beans) 
in the rotation. They should also demonstrate the character 
of the grain which will be grown on starved land, that is, 
where no manures are applied, and where the supposed 
‘restorative’ crops alternating with the corn are necessarily 
either very poor or quite a failure. Although the seasons 
were none of them satisfactory for barley, considering yield 
and quality together, yet the above-mentioned points are all 
well illustrated. 

The plots of Series 1, which at the end of the period had 
been unmanured for fifty years, give, it is true, more grain 
than would be expected, owing doubtless to the land on the 
plots being practically fallow (roots in one year out of four), 
but the quality has distinctly deteriorated both in respect 
of size of grain and of maturation. Whilst in the first four 
rotations the quality was on an average not more than Is. a 
quarter lower than that of the superphosphate plots, and 
about equal to that of the fully manured plots, it is now at 
least 3s. worse than the latter, and very distinctly inferior 
to the former. There is not only deterioration due to seasons, 
but also still greater deterioration due to soil conditions, and 
it is dear from comparison with Series 2 that the inferiority 
of quality is due to the absence of phosphates. 



Table XXV. — ^Agdell Field, Rothamsted, Rotation Plots. Averages of Four Barley Years, 

1885, 1889, 1898, 1897 
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The yield of roots on the unmannred land is practically 
nils but on the plot where minerals (only) are applied with 
the roots there is, after fifty years, still generally more than 
half a crop of swedes; and where these are fed and there is 
also another still more restorative crop, as far as nitrogen 
supply is concerned, viz., clover in the rotation, as on 
Plot 2 F. CL, the yield of barley following is in the forty -ninth 
year of continuous similar rotation no less than 37f bushels 
per acre, and that of over-average quality. This plot — with 
a rotation of (1) Roots (manured with abundant minerals, 
3| cwts. superphosphate only for the first nine rotations, and 
the same superphosphate with about 5 cwts. potash and other 
salts for the last four); (2) Barley; (8) Clover or Beans; 
(4) Wheat — ^represents what may be called low farming. No 
part of the white-straw crops is returned to the land, and 
only the underground residue (very valuable, however) of 
the clover is left, yet the last ten years show good average, all- 
round results, and even compare favourably with those given 
by the corresponding 3 F. CL plot, where the rotation is 
precisely the same and where 200 lbs. ammonia salts and 
2,000 lbs. rape cake are added to the minerals as manure for 
the roots. The crops for the last ten years on these two plots 
are as follows : 




2 F. Cl. 

3 F, Cl. 

Year 


Fed roots, barley, 
clover, wheat; minerals 
only for the roots 

Fed roots, barley, 
clover, wheat; minerals, 
ammonia and rape cake 
for the roots 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

Turnips 

-Barley 

Beans 

Wheat 

Turnips 

Barley 

Clover 

Wheat 

Tixrnips 

Barley 

Beans 

Wheat 

12 J tons 

291 bush. (26s. 6d.) 

24 bush. 

50i bush. 

12| tons 

19} bush. (28s.) 

sj tons 

39| bush. 

12 tons 

37i bush. (31s. 6d.) 
33J bush. 

42| bush. 

20f tons 

25 J bush. (26s.) 

16| bush. 

42 bush. 

16i tons 

25| bush. (27s. 6d.) 

4i tons 

40 bush. 

16 tons 

42i bush. (31s. 6d.) 
22J bush. 

41 1 bush. 


Com 

Turnips 
and clover 

277 bush, 

1 40 J tons 

, 255J bush. 

S7|- tons 
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The net result is that the addition of nitrogenous manure 
worth about £12 has given nearly 18 tons of additional green 
food (turnips and clover), but actually less corn by 21 J bushels. 
The loss is mainly on the beans, which here at any rate flourish 
best without added nitrogenous, but with plenty of mineral, 
food. 

Another point well worth notice is that in these last four 
barley years the ‘fed ’-roots crops have given not only, of 
course, better yield, but also better quality where, being 
fully manured, they have been a full crop. If the yield all 
round had been heavier, doubtless the result as to quality 
would have been different, as it frequently was in previous 
years; and if all the available indications brought forward 
are considered, we believe this general principle will be found 
to hold good: that where the season is such as to favour 
early rather than late vegetation, then full supply of nitrogen, 
such as residues from manures applied to previous roots, 
and also from return of same to the land, will, whilst in- 
creasing yield, not at all necessarily be prejudicial to good 
quality, which under these conditions may be expected with 
a moderately hot summer and favourable harvesting con- 
ditions. These, in fact, seem to be the conditions for good 
grain formation, and those which will give barley of at once 
good size and good maturation. The first crop of all, 1849, 
and that of 1857, approach nearest to fulfilhng the conditions. 

The best sample of the 156 (8 F. Fa. of the year 1885) was 
grown under the abnormal and unprofitable condition of 
fallowing the land one year in four, with a yield of 32^ bushels. 
Where clover was sown with the barley that year, and either 
clover or beans had been grown following barley in every 
previous rotation (on the adjoining plot, 3 F. Cl.), with 
12 bushels more grain, the sample was inferior by a good 3s. 
a quarter. It is no matter for wonder that really choice 
samples of barley are few and far between when such a 
diverse set of conditions is needful for their profitable 
production. 

There is no question that a too-prolonged period of grain 
formation and maturation gives heavy, large -grained, but 
coarse barley, with a high nitrogen content and low malting 
quality. The lighter soils and special seasons which favour 
early but not too quick ripening give the best grain. Barley 
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spring-sown is a surface feeder, but how far the roots go down, 
how much food they draw up from below, and for how long 
a period, depend on the character and conditions of the soil 
probably more than on the weather, except with extreme 
seasonal conditions. This is mainly the reason why some 
soils most rarely produce well-matured barley. But the 
natural condition of a soil is greatly modified by its treat- 
ment and the character of the cropping, and more, as all 
recent researches abundantly prove, by clover and similar 
leguminous crops than by any other ordinary means. 

So it is that in the Agdell field at Rothamsted the character 
of the grain is influenced greatly by the leguminous crop. 
The grain is larger and heavier, but on this particular soil too 
much nitrogen is made available for good maturation of 
barley where clover is grown. On a lighter soil, where the 
nitrogen was less conserved, the comparison might not, 
probably would not, hold good; indeed, in some districts it 
is no uncommon thing to meet with good samples of ‘ley 
barley’, that is, barley grown after clover ley. 

One order of rotation will suit one soil and another will 
answer best elsewhere, and not even such a course of rotations 
as this at Rothamsted will answer all the questions which 
can be raised with respect to the influence of rotations and 
manures, and of both combined, on the quality of barley. 
The quality of the barley was probably not a factor which 
was much considered when the order of rotation was originally 
planned. On the Rothamsted soil we have little doubt that 
quality would be better if barley followed wheat, but for the 
adoption of the much more customary Norfolk rotation there 
were doubtless many other considerations outweighing this 
particular one. StiU, we shall be pardoned for thinking our 
investigation of some value if only it leads to some definite 
conclusions as to how, in the long run, the character of the 
barley crop on this particular soil has been affected by the 
cultural conditions which have been adopted, some of which 
represent those common to a large number of districts. 

It will be desirable to summarize the results of this 
examination of the Rothamsted rotation barley, with a view 
to demonstrating the relations between size and maturation 
on the one hand, and conditions of growth on the other. 
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Effects on quality of (1) feeding and carting roots; 

(2) leguminous crop in the rotation 

The tables hitherto referred to have all shown ‘'averages’ 
of periods of four rotations. The general effect of averaging 
the results is to diminish the differences which are shown in 
individual years and plots. 

Still more is this the case When we average the results of 
the twelve barley crops grown during the whole period of 
forty-eight years. Table XXVI, on the next page, shows 
the average effects of feeding, or cutting up and spreading, as 
against carting roots before the barley, and also the results 
due to leguminous crop over the whole period. On the plots 
of Series 1 there are practically no root crops, and in the first 
part of the table the averages given are those of all the four 
plots of this series taken as one. To show the comparative 
results of feeding and carting roots on the plots of Series 2 
and 3 the clovered and fallowed plots are treated as one, and 
similarly in the lower part of the table, to show the effects of 
the leguminous crop, the ^fed’ and ‘carted’ roots plots are 
treated as one plot. 

The figures illustrate what has been said as to the influence 
on the quality of the barley of cultural conditions varying 
in these two respects. The higher ‘condition’ of soil due to 
feeding (or spreading) the roots and to the inclusion of clover 
in the rotation gives larger and heavier, but generally, though 
not always, less well matured and more nitrogenous grain. 
As to market value, the differences when averaged are 
very slight, for what is lost in size of grain from lower soil 
condition is (where there has been abundant supply of 
phosphates) made up for by better maturation. Perhaps, 
judging from the determinations of mealy corns and nitrogen 
content, the samples from the ‘ carted-roots ’ and ‘fallow’ 
plots are better as malting material than they look. The 
general impression given by this table is that the average 
differences in value due to the different treatment are 
very slight, compared with the differences in yield which 
are in the reverse direction. This is so, but the diver- 
gences in character, so far as they are shown, are very 
consistent, and it is to be remembered that in most of the 
earlier and some of the later years these differences were 



Table XXVI. — ^Agdell Field, Rothamsted, Rotation Plots 
Average of twelve barley crops 
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almost niZ, so greatly did the seasonal influences outweigh 
all others.- 

That these differences are sometimes considerable is shown 
by Table XXVII, which gives an impression of the variations 
occurring in some seasons between grain grown under different 
cultural conditions, and the still greater difference which 
seasons make where the cultural conditions are the same. In 
many years, as we have already said, differences of quality 
due to preparation were almost nil; but in seasons like 1877, 
a more or less trying season for grain crops, there were wide 
differences in the character of the grain, as the figures for 
two plots in that year show clearly. In 1893, a disastrous 
season, the quality of the grain was a great contrast to that 
of 1877, as will be seen by comparing the results on the same 
plot. That year there was a hot spring which burnt up 
everything, followed by over five inches of rain in July, but 
fair weather for harvesting the very light crops, which were 
altogether under-matured. In 1889, to take a third year, 
there was a fine growing spring with plenty of vegetation, 
but a wet July, followed by a constantly showery harvest 
month and grain very much weathered. 

But if the reader will refer to yet another set of figures, the 
conformities observable between (1) the ratio of grain to 
straw, (2) the size of the grain, (3) the degree of maturation 
and (4) the percentage of total nitrogen are, we think, 
sufficiently instructive to be pointed out in some detail, and 
to facilitate this there is shown in Table XXVIII, p. 223, 
the relative order of the plots in these respects. 

Considering the difficulty of ensuring absolutely average 
samples for the different determinations, and making some 
allowance for errors of experiment, there is close conformity 
in all three periods between the mellowness of the grain and 
the percentage nitrogen content, the mellow grain containing 
the lowest proportion of nitrogenous matter,. Grain which 
is good in these respects is generally, but with much less 
close conformity, produced where the ratio of grain to straw 
is high, and, where straw is disproportionately heavy, grain 
is nearly always worse matured. 

In the first period there is little difference in the size of the 
grain on the different plots, and size bears no definite relation 
to maturation; but the best three plots in respect of ratio of 



Tabi-e XXVII. — ^Agdell Field, Rothamsted, Rotation Plots 
Barley of the same year on different plots, and of different years on the same plot 


Plot 

2 C. Fa. 

8 F. Cl. 

3 F. Cl. 

3 F. Cl. 

2 C. Fa. 

Total 
nitrogen 
per cent, 
of 

grain 

O (M ^ J> OO 

ip i> O 

rH r—l rH jH 

Mealy 

corns 

per 

100 

88 

50 

26 

83 

86 

Weight 

of 

1,000 

corns 

grammes 

45*1 

47*6 

51-8 

45-0 

41*3 

Value 

s. d. 

31 6 

30 0 

27 6 

26 0 

26 0 

Total 
grain 
to 100 
total 
straw 

CD op 9 9 05 

CO 6 ib i> cb 

rH 05 i> CD 00 

Weight 

per 

bushel 

ip i> rH CD 

Xi ^ ^ b- CO W 

r-H iO iO 10 iO 

Bush. 

per 

acre 

HOO HlN iHlN t- 40 O 

iH 05 iO iO iO 

0^ CM (M iH 

Fallow 

or 

clover 

after 

barley 

Fallow 

1 

Clover 

Clover 

Clover 

Fallow 

Roots 
fed or 
carted 

Carted 

Fed 

Fed 

Fed 

Carted 

Manures 
applied to 
roots 

Minerals' 
only ’ 
Minerals,! 

- ammonia 
salts 

and rape 
[ cake 
[Minerals,! 
ammonia 
salts 

and rape 
cake 

[Minerals,! 
ammonia 
salts V 
i and rape 
cake 

Minerals \ 
only / 

Years 

1877 

1893 

1889 



Table XXVIII. — Agdell Field, Rothamstead, Rotation Plots. 
Relation between (1) ratio of grain to stra'w, (2) degree of 
maturation, (3) nitrogen content, (4) size of grain grown on 
twelve plots in three periods. 


Averages of 1853, 1857, 1861, 1865 


Total grain to 
100 total 
straw 

from highest 
to lowest 

2 C. Fa. ) 
2 C. CL 

2 F. Fa. J 

102*5 
> to 
97*4 

3 C, Fa. 

1 F. Fa. 

3 C. Cl. 1 

1 C. Fa. 

2 F. CL 

1 C. Cl. J 

97*1 
^ to 
92*5 

1 F. CL 1 
3 F. CL 

3 F. Fa. J 

92*0 
[- to 

1 82*7 


Maturation : 

Nitrogen 

mealy corns 

per cent. 

per 100 

of grain 

from highest 

from lowest 

to lowest 

to highest 

2 C. Cl. '1 71 

2 F. Fa. 1 

1*32 

2 C. Fa, > to 

2 C. Fa. 

> to 

2 F. Fa. J 69 

2 C. Cl. J 

1*34 

3 C. Fa. 

2 F. CL 5 

1 F. Fa. 

1 c. CL r 

1 C. Fa. 

1 F. Fa. 

3 C. Fa. 

1*39 

1 C. Fa. 

to 

2 F. CL 

1 C. CL 

‘ 1*47 

3 C. CL 

3 C. CL 


3 F. Fa. ) 58 

1 F. CL ) 

1*48 

1 F. CL } to 

3 F. Fa. 

> to 

3 F. CL J 49 

3 F. CL J 

1 1*61 


3 C. Fa. 

2 C. Fa. 

2 F. Cl. 

3 C. CL 

2 C. CL 

2 F. Fa. 

1 F. Fa. 

1 C. Fa. J 

101*0 
* to 
94*7 

1 C. Cl. 1 

1 F. Cl. J 

1 93*7 to 
[ 90*8 

8 F. Cl. 1 
3 F. Fa. J 

1 89*3 to 

1 88*4 


Averages of 1869, 1873, 1877, 1881 


2 C. Fa.) 

2 F. Fa./ 

3 C. Fa. 
3 C. Cl. 

1 F. Fa. 

1 C. Fa. 

2 C. Cl. 

2 F. Cl. 

3 F. Fa.' 
3 F. Cl. 

1 F. Cl. 

1 C. Cl. - 


Averages of 1885, 1889, 1893, 1897 


2 C. Fa. \ 

l*13to 

2 F. Fa. J 

110 

1 F. Fa. 


2 C. CL 

1*22 

3 C. Fa. 

- to 

1 C. Fa. 

1*30 

2 F. Cl. . 


1 3 C. CL 1 

1 F. Cl. 1 

1 1*32 to 

1 C. CL J 

1 1*34 

3 F. Fa. 1 

1*34 to 

3 F. CL J 

1*41 


2 F. Cl. 

2 F. Fa. 

3 C. Cl. 
3 C. Fa. 
2 C. Cl. 

1 F. Fa. 

2 C. Fa. 

3 F. Fa. 
3 F. Cl. 
1 C. Fa. 

1 F. Cl. 
1 C. Cl. 


2 C. Fa. 

2 F. Fa. 

3 C. Fa. 

1 F. Fa. 

2 C. CL 

72 
- to 

66 

1 F. Fa. ^ 

2 C. Fa. 

2 C. Cl. 

2 F. Fa, 

3 C. Fa. , 

119 
- to 
1*27 

3 F. Fa. 


1 C. Fa. 


1 C. Fa. 

63 

3 F. Fa. 

1 1*30 

2 F. CL 

- to 

3 C. CL 

r to 

3 C. CL 

49 

2 F. CL 1 

1*40 

3 F. CL J 


3 F. CL J 

1 

1 F. Cl. ) 

45 to 

1 F. Cl. 1 

1*54 to 

1 C. CL j 

83 

1 C. Cl. J 

' 1*65 


Size: 

weight of 
1,000 corns 
from lowest 
to highest 


2 C. Fa. 

1 F. CL 

2 F. Fa. 

2 C. Cl. 

3 F. Fa. 
1 C. Fa. 
1 C. CL 
3 F. CL 

1 F. Fa. 

2 F. CL 

3 C. Fa. 
3 C. CL 


2 C. Fa. \ 

1 C. Fa. 

2 F. Fa. 42*7 
X F. Fa. I to 

2 C. Cl. 4 , 5.0 

3 C. Fa. 

2 F. CL 

1 F. Cl. ) 45-5 
1 C. CL } to 

3 C. CL J 45-6 

3 F. Fa. 1 „ 

3 F. Cl. / 


2 C. Fa. 

2 F. Fa. 
1 C. Fa. 

3 C. Fa. 

1 F. Fa. 

2 C. CL 

1 F. CL 

1 C. CL 

2 F. CL 

3 F. Fa. 
3 C. CL 
3 F. CL 
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grain to straw are the same three which have the best- 
matured grain with lowest nitrogen content, and the worst 
three plots are those in which these conditions are all reversed. 
In the two later periods the effects of extreme exhaustion on 
the plots of Series 1 upset the conformity in some respects, 
but it is still very marked as between good maturation and 
low nitrogen content and vice versa. In these two periods 
the smaller grain is the best-matured generally. This 
relation between size of grain and maturation is a most 
important one in the case of malting barley, especially in 
connection with the introduction of ‘new varieties, and it 
undoubtedly requires further investigation, with a view to 
the demonstration, if possible, of conditions under which 
good size and good maturation will go together. 

Referring to Tabic XXIX, p. 225, if we leave out the un- 
manured plots where extreme exhaustion has led to results 
which are not conformable with those of the other plots, we 
shall see that, taking the grain of the whole period, the 
relations between grain formation, size, maturation and per- 
centage of nitrogenous matter are very clear, and confirm 
unmistakably the conclusions which we have already reached. 
With all these different conditions of preparation for the 
barley, good grain formation (ratio of grain to straw) goes 
along with comparatively small but kindly, well-matured 
com, of high carbohydrate but low nitrogenous composition. 
The best quality, apart from size, is found where there has 
been no restorative crop for over fifty years, where everything 
grown has been removed, and where nothing but mineral 
manure has been applied; needless to add the yield has been 
very small. The largest grain, but the worst in other respects, 
is that of the plot where two crops out of four have been 
restorative, where plentiful and complete manuring has given 
heavy root crops, fed off (or cut up and spread), and followed 
by high yields of barley. 

The Rothamsted results with barley growm in the Norfolk 
rotation extending over more than fifty years and with 
twelve different cultural conditions lead to the following 
conclusions : 

(a) The good effect of soluble phosphates on quality of 
grain is (as was also shown with continuously grown barley) 
most marked. The plots manured "with minerals only have 
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Table XXIX. — Agdell Field, Rothamsted, Rotation Plots. 
Relation between average (1) ratio of grain to straw, (2) size 
of grain, (3) maturation, (4) percentage of nitrogen, in the 
crops of the manured plots for the twelve barley years 
between 1853 and 1897. 


Manures 
applied to 
roots 

Roots 
fed or 
carted 

Fallow 

or 

clover 

after 

barley 

Total 
grain to 
100 
total 
straw 

Size of 
grain : 
weight 
per 1,000 
corns 

Matura- 
tion: 
mealy 
corns 
per 100 

Nitrogen 
per cent, 
of grain 

Minerals 

Carted 

Fallow' 

92*6 

grammes 

42-6 

73 

1-22 

only 

Fed 

FaUow 

91-7 

44-1 

72 

1-26 

Carted 

Clover 

92*3 

44-6 

08 

1-26 


Fed 

Clover 

93 0 

45-6 

62 

1-36 

Minerals, 

Carted 

^ Fallow 

92-4 

44-9 

68 

1-31 

ammonia 

Fed 

Fallow 

81-6 

45-9 

62 

1-41 

salts, and 

Carted 

Clover 

91*3 

46-4 

60 

1-37 

rape cake 

Fed 

Clover 

82*2 

46-6 

53 

1-47 


given the best yield of grain in proportion to straw, showing 
the unmistakable effect- of phosphates in assisting grain 
formation. This series of plots also shows a lower percentage 
in the grain of nitrogenous matters than either of the other 
series. The barley, though often comparatively small, is 
well matured — better in this all-important respect than where 
no phosphates are applied, and also better than where, with 
heavy nitrogenous dressings in addition to minerals for the 
preceding roots, the land is in better condition and gives 
much higher yields. 

(b) As between roots carted and roots fed as preparation 
for barley, the effect of the higher manuring on the quality 
of the succeeding barley is not very great either way at 
Rothamsted, taking the average of the years, although of 
course there is much heavier yield after roots fed than where 
the roots have been carted. The maturation of the grain is 
frequently, though by no means always, better after carted 
roots, but the difference in this respect is counterbalanced by 
an almost uniformly larger grain on the ‘fed’ plots, counter- 
balanced that is, as far as what, to the best of our judgement, 
would be the relative market value of the grain; but we think, 
in view of our determinations of degree of maturation and 
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content of nitrogenous matters, that the ‘ after- roots-carted’ 
barleys are better than they look in relation to those after 
roots fed (or cut up and spread). In any case it has to be 
remembered that no added food of any sort has ever been 
fed on the plots, and that therefore the generally accepted 
opinion that roots fed, with oil-cake added, is too good a 
preparation for barley, as far as quality is concerned, is not 
controverted by these results. 

(c) The general effect of high ‘condition’ of soil on the 
quality of barley is shown at Rothamsted in the comparison 
afforded between clover as against a year’s • fallow in the 
rotation. The average results under every condition of 
preparation for the root-crop show that this leguminous crop 
leaves a residue which increases the yield, but gives less 
well-matured grain. Apart, however, from the value of the 
included clover crop, the increased yield of grain more than 
compensates for the somewhat lower maturation. It is a 
remarkable fact that the effect of this crop is, in the more 
recent years, more apparent upon the barley three years after 
than it is upon either the wheat or roots which intervene. 
It points to the fact that barley is, of all the farm crops, the 
one which is most affected by ‘ condition ’ of soil, and this is 
true not only of the total amount of produce, but also of the 
character of the grain. 

These relations of cultural conditions to quality are fully 
illustrated by Tables XXVI to XXIX. 

The fact that too high condition of Soil is not conducive to 
good quality in barley points to ‘after wheat’ as the best 
preparation for the barley crop. This plan is not of course 
adopted solely, or even mainly, in view of better probable 
quahty of barley. It suits the arrangements of the farm in 
many other respects in some districts. As regards the barley, 
what is lost from lower ‘ condition ’ of soil as against ‘ after- 
roots-fed’ is frequently made up for, in respect of yield, by 
the better tillage possible, and in quality by the better 
maturation which is due to earlier seeding and ripening. 
Early seeding is not always possible after roots, and the more 
‘kindly’ if smaller grain which is generally produced in 
districts where the ‘ after- wheat ’ practice is the custom is, 
we think, the combined result of generally more favourable 
conditions for the ultimate maturation of the grain. 
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On examining the samples of the rotation plots we found 
that the differences due to season were far greater than those 
due to variations in the rotation, and the divergences in quality 
in the rotation plots are less than with the continuous barley 
plots. 

Relation of Migration {ratio of grain to straw) to Nitrogen 
Percentage of Grain of Agdell Field samples 

Taking the figures relating to the above factors as a 
"population’ of 144, representing samples grown in all sorts 
of soil and weather conditions resulting in a range of crops 
from 11 to 66 bushels per acre — with nitrogen ranging from 
1*11 to 1*94 per cent., and migration from 85 to 58 per cent. 

~ “ *31. 

Taking 12 "populations’ — one for each barley year — ^repre- 
senting for each year samples grown under 12 different soil 
conditions, we get : 




1853 

. -*88 

1877 

. -*81 

1857 

. -*69 

1881 

. -*48 

1861 

. --78 

1885 

. --59 

1865 

. -‘91 

1889 

. --62 

1869 

. -*29 

1893 

. -13 

1873 

. -^32 

1897 

. -*82 


12 years’ average = ~*61. 

Excluding the years 1869, 1873 and 1898 : 

9 years’ average = - *73 

Taking the figures as a single "population’ of 12 years — 
representing 12 averaged samples of 12 plots each grown 
under 12 different weather conditions, is then - *148. 

. It appears evident that with the conditions of this field, 
i.e. tvidely varying soil but similar weather, nitrogen content 
is influenced by differences in migration due to manuring or 
soil conditions, or both, due to the same cause; but it is 
much more marked in some years than in others. This 
appears to confirm the statement already made that in the 
later stages of maturation of the grain there is generally a 
greater proportion of the carbohydrate than of proteid 
matter "migrated’ than in the early stages. 

N,B. — The "migration’ figures are subject to a large 
probable error because they are based on an assumed water 
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content of 17 per cent, each year for both grain and straw 
at time of threshing and weighing the crops. They would 
also be ah^ected by varying length of the stubble left uncut. 

These errors of observation are unlikely to be correlated 
with either migration or nitrogen, and would therefore 
probably tend to lower the calculated r, and the true r is 
probably a higher minus quantity than the calculated one 
represents. 



CHAPTER XXII 


EXPERIMENTS WITH OLD ESTABLISHED 
VARIETIES AND RACES 

In 1900 an extended set of trial plots was started at 
Warminster. The barleys selected for trial under strictly 
parallel conditions were: (1) Three wide-eared sorts, In- 
vincible, Standwell and Goldthorpe; (2) Four narrow-eared 
sorts: {a) Hanna, a very early ripening, short-strawed 
Moravian barley; {h) two well-known sorts of true Chevalier, 
Nos. 1 and 2; and, lastly, (e) the somewhat later ripening, 
also well-known sort. Archer stiff-straw.^ 

No. 1 Chevalier was selected for its size, and No. 2 for fine 
quality. 

In 1900 these seven sorts were grown under three different 
conditions as to quantity of seed, viz., 3 bushels per acre in 
drills 7 in. apart; Ij bushels in drills 14 in. apart; and 
1 bushel in drills 21 in. apart. The weight of seed in each 
drill was therefore the same in all cases. The excessive 
widths between drills (14 in. and 21 in.) and the small weight 
of seed on unit area were adopted with the special object of 
exaggerating the effects due to thin seeding. 

The plots were all further subdivided for manurial purposes 
into four divisions, receiving respectively liberal dressings of 
(1) guano, (2) phosphates, (3) phosphates and nitrate, (4) 
phosphates, nitrate and potash. 

In 1901 the plots were severally seeded from the grain 
grown thereon the previous year, with a view to eliminating 
effects due to origin of seed from different localities. The 
seeding was 4, 2 and 1^ bushels per acre in drills respectively 
4, 8 and 12 in. apart; and the manures the same, and on the 
same areas as in the previous year. Eighty-four different 
samples had therefore been obtained in each year. 

^ I have never been able to ascertain definitely the origin of this sort, but 
it is well adapted for winter-sowing. It has been greatly improved upon in 
recent years. A small bristly brush at the germ end of the grain can be 
found on examination and this is persistently inherited. 

229 
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Some of the results of the above experiments are shown in 
Tables XXX to XXXVI. 

Tables XXX and XXXI illustrate for each variety the 
effects of extreme variations in methods of cultivating in 
two seasons. They show that effects due to cultivation 
are much greater than those associated with particular 
varieties. 

Tables XXXII and XXXIII afford a comparison between 
the four typical varieties each grown under four conditions 
as to manure. They show that the differences in quality due 
to manuring in these years were comparatively slight. 

The yield with phosphates only is generally about one-third 
less than where nitrogen, either as nitrate or as guano, is 
added. The effect of potash in 1900 was not to improve the 
quality, but in 1901 the barleys with potash were distinctly 
the best. 

Tables XXXIV, XXXV and XXXVI show the effects of 
close and wide planting in the case of each of the four typical 
varieties. The plots with the greater soil space per plant 
produced grain of higher nitrogen content and of low malting 
quality. 

As between the different manurial treatments in 1900 the 
* phosphate only’ barleys (with very low yield) were the best 
judged by appearance, while of the varieties the Chevaliers 
and Hannas were the kindliest barleys, though much smaller 
than the Goldthorpes. 

In 1901 the best sample in appearance was the Chevalier, 
with full mineral manuring, including potash. The Gold- 
thorpes are again the largest grain. 

Taking the average of all the samples and valuing them by 
their appearance as malting material, the barleys grown with 
a view to quality (that is, without nitrogenous manuring 
and closely planted), taken on the whole, would be placed 
in the following order of merit: 1. Hanna; 2. Chevalier; 
3. Goldthorpe; 4f. Archer. 

With nitrogenous manures and planted rather for yield, 
the order would be: 1. Goldthorpe; 2. Hanna; 3. Chevalier; 
4s. Archer. 

The Archers were not so satisfactory as the others 
either in respect of quality or of yield, but probably with 
earlier planting and in more forward seasons than those of 
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1900 or 1901 they would have taken a higher place. ^ Probably 
also the Archers were cut a day or two too soon, but the 
weather was changeable at harvest-time in both seasons and 
there was more risk in leaving them than in cutting them. 


Table XXX. — Warminster Plots, 1900. Effects of different Seed 
Rates and Manurial Treatments on different Varieties 


Variety 


Seed, 

lbs. 

per acre 

Inches 

between 

ranks 

Manure 
m= mineral 
g = guano 

Wt. per 
1,000 
corns 

Mealy 
corns 
per 100 

Total N. 
per cent, 
barley 

Invincible 


168 

7 

m 

grammes 

48-8 

46 

1-28 

Invincible 


56 

21 

g 

511 

42 

168 

Standwell 


168 

7 

m 

46*4 

46 

1-25 

Standwell 


56 

21 

g 

53-5 

36 

1-59 

Goldthorpe 


168 

7 

m 

46-1 

52 

1*25 

Goldthorpe 


56 

21 

g 

53-4 

38 

1-74 

Hanna . 


168 

7 

m 

40* 1 

46 

1-39 

Hanna . 


56 

21 

g 

48-1 



Chevalier 


168 

7 

m 

41*6 

36 

1*32 

Chevalier 


56 

21 

g 

31*2 

34 

1-88 

Chevalier 


168 

7 

m 

46-9 

48 

109 

Chevalier 


56 

21 

g 

58*7 

38 

1-75 

Archer . 


168 

7 

m 

45*0 

46 

1-18 

Archer . 


56 

21 

g 

515 

34 

1-65 


Table XXXI. — ^Warminster Plots, 1901. Effects of different 
Seed Rates and Manurial Treatments on different Varieties 


Variety 


Seed, 

lbs. 

per acre 

Inches 

between 

ranks 

Manure 
m= mineral 
g= guano 

Wt, per 
1,000 
corns 

Mealy 
corns 
per 100 

Total N. 
per cent, 
barley 

Invincible 


224 

4 

m 

grammes 

53*2 

54 

1*34 

Invincible 


75 

12 

g 

57-6 

58 

1*72 

Standwell 


224 

4 

m 

50-6 

46 

1*39 

Standwell 


75 

12 

g 

58*9 

52 

1*66 

Goldthorpe 


224 

4 

m 

51-3 

62 

1*43 

Goldthorpe 


75 

12 

g 

58-7 

46 

1*87 

Hanna . 


224 

4 

m 

47-1 

62 

1-34 

Hanna . 


75 

12 

g 

521 

38 

1*78 

Chevalier 1 


224 

1 4 

m 

48-9 

58 

1*36 

Chevalier 1 


75 

12 

g 

55-9 

48 

1*76 

Chevalier 2 


224 

4 

m 

48*1 

64 

1*36 

Chevalier 2 


75 

12 

g 

53*4 

28 

1*79 

Archer . 


224 

4 

m 

48*2 

60 

1*34 

Archer . 


75 

12 

L 1 

g 

1 

53*4 

38 

1*90 

1 


1 In both the series of experiments described all the sorts were sown together 
in the middle of March, and this was disadvantageous to the Archer barley, 
which does best with earlier sowing. 
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Table XXXII. — ^Warminster Plots, 1900. Effect of Various 
Manures on Different Varieties. 168 lbs. Seed per Acre 


Variety 

Manure 

Wt. per 
1,000 
corns 

Mealy 
corns 
per 100 

Total N. 
per cent, 
barley 

Goldthorpe 

Phosphates 

grammes 

501 

70 

1-15 

Goldthorpe 

Phosphates + nitrate 

50-1 

54 

1-16 

Goldthorpe 

Phosphates d- nitrate + potash 

461 

52 

1*25 

Goldthorpe 

Guano 

51-9 

48 

1*26 

Average . 

•• 

49-5 

56 

1-20 

Hanna . 

Phosphates 

45-4 

52 

1-12 

Hanna . 

Phosphates + nitrate 

44-8 

48 

1*16 

tianna . 

Phosphates + nitrate + potash 

401 

46 

1-39 

Hanna . 

Guano 

45-6 

34 

1-23 

Average . 

.. 

43-9 

45 

■ 1*22 

Chevalier 1 

Phosphates 

42-9 

44 

1*26 

Chevalier 1 

Phosphates + nitrate 

44- 1 

48 

109 

Chevalier 1 

Phosphates + nitrate + potash 

41-6 

36 

1*32 

Chevalier 1 

Guano 

45-4 

38 

1*33 

Average . 

•• 

43-5 

41 

1*25 

Archer . 

Phosphates 

450 

46 

1*27 

Archer . 

Phosphates + nitrate 

46-8 

56 

115 

Archer . 

Phosphates + nitrate + potash 

450 

46 

118 

Archer . 

Guano 

48-1 

38 

1*36 

Average . 


46-2 

46 

1*24 


The fact which comes out with most prominence from a 
study of the results of these trials is that if we cannot make 
sure under any specified conditions of soil and climate, or 
with any one race of barley, of getting what we want, it 
is easier to make reasonably sure of doing the reverse, and 
the knowledge ‘how not to do it” may be of some service. 
The barley which is not wanted for brewing is the coarse, 
hard, nitrogenous, two-rowed grain; such barley will not 
compete with foreign six-rowed sorts. 

To grow a coarse plant which will only mature large steely 
unworkable grain it is only necessary to give the individual 
seed at and after planting time over-abundant soil space and 
over-abundant plant food. This fact will be accepted by 
every observant grower. 
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Table XXXIII. — Warminster Plots, 1901. Effect of Various 
Manures on Different Varieties. 224 lbs. Seed per Acre 


Variety 

Manure 

Wt. per 
1,000 
corns 

Mealy 
corns 
per 100 

Nitrogen 
per cent, 
barley 

Goldthorpe 

Phosphates 

grammes 

48*9 

64 

1*58 

Goldthorpe 

Phosphates + nitrate 

50*5 

64 

1*53 

Goldthorpe 

Phosphates nitrate + potash 

51*3 

62 

1*43 

Goldthorpe 

Guano 

52*3 

52 

1*46 

Average . 


50-7 

60 

1*50 

Hanna . 

Phosphates 

47*5 

58 

1*55 

Hanna . 

Phosphates -i- nitrate 

48*4 

44 

1*53 

Hanna . 

Phosphates -f nitrate + potash 

47*1 

62 

1*34 

Hanna . 

Guano 

50*2 

58 

1*48 

Average . 


48*3 

55 

1*47 

Chevalier 1 

I Phosphates 

490 

60 

1*54 

Cheavlier 1 

Phosphates + nitrate 

48*9 

60 

1*37 

Chevalier 1 

Phosphates + nitrate -f potash 

48*9 

58 

1*36 

Chevalier 1 . ' 

Guano 

48*8 

50 

1*78 

Average . 


48*6 

57 

1*51 

Archer . 

Phosphates 

40*6 

56 

1*53 

Archer . 

Phosphates -i- nitrate 

49*1 

46 

1*54 

Archer . 

Phosphates + nitrate + potash 

48*2 

60 

1*34 

Archer . 

Guano 

48*2 

40 

1*69 

Average . 

•• 

48*0 

50 

1*52 


The less competition and the less restriction there is in 
root development in the early stages, the more gross will be 
the vegetation and the greater the risk of coarse grain. Take 
an extreme case — ^if on, say, 24 square inches of surface there 
be one plant only, bearing (as it readily will) 10 stems, there 
will be, at the start and for some time after, no root competi- 
tion of adjacent plants: the roots will be strong, spreading, 
and deep in the soil. There will be 10 large stout stems of 
different ages, ripening at different times, and producing 
an uneven and altogether undesirable sample. On the 
other hand, let there be 10 individual plants on an adjacent 
equal area of the same soil, and there will be perhaps 20 stems 
— one only to some plants, two or three to others — and the 
average size and weight of each stem and of each ear will be 
about half as great as in the former case. Root competition 
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Table XXXIV. — ^Warminster Plots, 1900. Close and Wide 

Planting 


Variety 

Seed, 

lbs. 

per acre 

Inches 

between 

ranks 

Wt. per 
1,000 
corns 

Mealy 
corns 
per lOy 

Total N. 
per cent, 
barley • 

Goldthorpe 

168 

7 

grammes 

500 

52 

1 25 

Goldthorpe 

84 

14 

49-8 

48 

1*30 

Goldthorpe 

56 

21 

521 

44 

1-46 

Average . 


•• 

50*6 

48 

3-34 

Hanna 

168 

7 

430 

50 

1-24 

Hanna 

84 

14 

45-9 

40 

1-37 

Hanna 

56 

21 


34 

1-57 

Average . 


•• 


41 

1*39 

Chevalier . 

168 

7 

42-8 

46 

1-23 

Chevalier . 

84 

14 

47-3 

36 

1-51 

Chevalier . 

56 

! 21 

49-3 

36 

1-62 

Average . 

•• 

•• 

45-8 

39 

1 

1-46 

Archer 

168 

7 

460 

44 

1-25 

Archer 

84 

14 

49-9 

38 

1-39 . 

Archer 

56 

21 

47*3 

38 

1-48 

Average . 

•• 

•• 

47-7 

40 

1*37 


will commence early and the stems will be shorter. The 
total weight of straw and grain may in the two cases be about 
the same, but the character of the grain will be different. 

These experiments were preliminary, and should be in- 
terpreted with the strict limitation that they are results on 
one kind of soil and of two seasons only. They present 
many points of resemblance, but it is not at aU probable that 
they would be the same in every season. 

The effects on quality of the grain of different manures 
were generally confirmatory of those obtained from the 
previous examination of the Rothamsted samples, and the 
conclusion arrived at was that certain varieties were more 
affected than others by full supply of nitrogen in the soil. 

The effect of nitrogenous manuring on the narrow-eared 
barleys was (as with Rothamsted samples which were also 
narrow-eared sorts) to increase the nitrogen content of the 
grain. This increase was considerably less with the wide- 
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Table XXXV. — ^Warminster Plots, 1901. With Nitrogenous 
Manure. Close and Wide Planting 


Variety 

Seed, 

lbs. 

per acre 

Inches 

between 

ranks 

Wt. per 
1,000 
corns 

Mealy 
corns 
per 100 

Total N. 
per cent, 
barley 

Goldthorpe 

224 

4 

grammes 

510 

52 

1*41 

Goldthorpe 

112 

8 

56-3 

60 

1-51 

Goldthorpe 

75 

12 

57-8 

54 

1-78 

Average . 

•• 

•• 

550 

55 

1-57 

Hanna 

224 

4 

48-4 

60 

1-41 

Hanna 

112 

8 

50 2 

46 

1-58 

Hanna 

75 

12 

524 

44 

1-67 

Average . 

•• 

•• 

50-3 

50 

1-55 

Chevalier 1 

224 

4 

48-2 

1 56 

1-46 

Chevalier 1 

112 

8 

530 

40 

1-81 

Chevalier 1 

75 

12 

53*9 

i 38 

1-86 

Average . 

•• 


51-7 

45 

1*71 

Archer 

224 

4 

48-1 

46 

1*41 

Archer 

112 

8 

48-8 

86 

1*96 

Archer 

75 

12 

530 

31 

2*04 

Average . 

•• 


49’9 

38 

1*80 


eared sorts, and this conjBrmed a prevalent opinion that the 
wide-eared barleys are better suited for growing on the 
heavier and more fertile soils. 

In the case of each of the varieties, the plots with the greater 
average soil space per plant produced grain of higher nitrogen 
content and lower malting quality. Here again the difference 
was generally less with the wide-eared sorts than with the 
narrow-eared. 

Various other observations were made referring to different 
criteria of quality, notes on which are not inserted in the 
tables here given. ^ 

It was observed that all the plots showed, considerable 
dissimilarity as between individual plants in the same plot. 
This was, in some cases, no doubt due to the fact that the 
parcels of seed were ordinary farmers’ stocks with no 

1 The original memoir on these experiments is still in existence and could 
be referred to by anyone who is interested in the subject. 
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guarantee of ^purity of sort’, and there had probably been 
some accidental mixture in the crops from which the seed 


Table XXXVI. — Warminster Plots, 1901. Without Nitrogenous 
Manure. Close and Wide Planting 


Variety 

Seed, 

lbs. 

per acre 

Inches 

between 

ranks 

Wt. per 
1,000 
corns 

Mealy 
corns 
per 100 

Total N. 
per cent, 
barley 

Goldthorpe 

224 

4 

grammes 

48-9 

64 

1-58 

Goldthorpe 

112 

8 

55-9 

60 

1*46 

Goldthorpe 

75 

12 

58 3 

52 

1-72 

Average . 



54-4 

58-6 

1-59 

Hanna 

224 

4 

47-5 

58 

1-55 

Hanna 

112 

8 

491 

48 

1-53 

Hanna 

75 

12 

51-4 

46 

1-65 

Average . 

*• 

-• 

49-3 

51 

1-58 

Chevalier 1 

224 

4 

49-0 

60 

1-54 

Chevalier 1 

112 

8 

62-9 

52 

1-62 

Chevalier 1 

75 

12 

55-5 

34 

1*69 

Average . 



52*5 

49 

1G2 

Archer 

224 

4 

46*6 

56 

1*53 

Archer 

112 

8 

47-7 

44 

1-47 

Archer 

75 

12 

53-3 

40 

1*81 

Average . 

*• 

•• 

49^2 

1 

47 

1-60 


was taken. The diversity was more marked in the ‘Archer’ 
plots and it was the observation of this diversity which first 
suggested to me the desirabihty of selecting individual plants 
and raising ‘ pure races ’ from them. 



CHAPTER XXIII 


SELECTION FROM AMONGST OLD ESTABLISHED 

VARIETIES 

When uniformity and evenness of sample in the resulting 
crops are desired a new race is best originated by the selection 
of single plant cultures from an old variety known to be 
composed of individuals which, although more or less alike 
in appearance, differ in various inheritable characters. 

The process adopted is to grow on for several years the 
produce of the seeds of a number of single plants, keeping the 
various cultures distinct until they can be compared both 
for yield and quahty. Then the best cultures are selected 
and further multiphed. Our best-known old varieties, 
Chevalier and Goldthorpe, no doubt originated in this way. 
English Archer and Beaven’s Plumage originated similarly 
in the Warminster nursery and went into general cultivation 
in 1904 and 1905 respectively. Danish Archer and Irish 
Archer were both selected by similar methods, as described 
by Dr. Hunter (1926). 

Some of the races of barley that were in existence about 
forty years ago, although called ^varieties’ were not ‘pure 
lines’ in this sense, but mixed races. That is to say, if 
individual plants were picked out and the seeds kept separate 
from year to year and then grown up in bulk there would be 
differing quality and also differing constitution and habit of 
plant in the several cultures made. 

I had this experience when selecting Archer barley. I 
found that as it was commonly grown it was more or less 
a mixture of races and therefore not uniform in quality, 
though it had certain general characteristics and had always 
been a high-yielding variety. 

Generally speaking, selection from single plant cultures, 
having self-fertihzed ancestors, gives races with a wider range 
of adaptation in respect of high productivity than does the 
produce of hybrids, but to obtain specific quahties in the 
plants and in the grain hybridization is necessary. 

237 
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It may be considered an open question whether two races 
of barley (each the progeny of single plants), both selected 
from the same apparently ‘pure line’, as judged from the 
appearance and known ancestry of the two parents, will 
remain constantly alike in all their inherited characters. 

Whatever theory may be accepted as to the origin of 
genetic variations, it seems improbable that any two races of 
parent plants will be precisely alike genetically, or, to use 
Mendelian phraseology, will be ‘homozygous’ in respect of 
all characters. If the number of variable characters in 
barley may be counted by hundreds (as is probable), or by 
thousands (as is possible), the chances are against the absolute 
‘homozygosity ’ of any two individual plants existing on the 
face of the globe, even if they are proved (which could seldom 
be the case) to have a common descent through many 
generations of self-fertilized plants. The fluctuating varia- 
tions which are always present will preclude any certainty 
as to complete homozygosity in any two individuals. 

‘Pure Race’ (or ‘Single Line’) Cultures raised 
AT Warminster 

These cultures have been conducted on nursery and field 
plots at Warminster since 1902. In that year 296 cultiva- 
tions were made of twelve plants, each from 296 ears of 
different plants, aU of known and different origin collected 
from various parts of this and other countries. 

' The progeny of many of these has been continued as dis- 
tinct cultures and in each succeeding year the number has 
been added to, so that a very large number of distinet ‘pure 
races ’ started from single plants have been under observation. 

Two of these races proved of sufficient merit in comparison 
with the then existing varieties and races to go into general 
cultivation, viz.. Plumage and English Archer. 

The progeny of selected plants of these two races was, in 
each case, in successive years, submitted to methods of com- 
parison which originated in the Warminster nursery and 
were afterwards adopted by the University Farm, Cambridge, 
by the Irish Department of Agriculture, and many years 
later, in 1921, by the National Institute of Agricultural 
Botany, Cambridge. 
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Beaven’s Plumage (343) 


History. — ‘ Plumage ’ belongs to a general type of wide-eared 
barley, closely resembling ‘ Goldthorpe ’ and known in Sweden 
as ‘plumage korn’. 

I received from Mr. Karl Hansen, of Lyngby, Denmark, a 
collection of 300 ears of barley, all different and botanically 
named. ‘Heaven’s Plumage’ was the progeny of a single 
plant grown from No. 843 of this collection. 

From 1902 to 1904 this culture proved to be of better 
quality than any other wide-eared barley in my possession 
with which it was compared each year in the nursery. It 
was multiplied by cultivation in field plots near Warminster, 
and on the plots of the University Farm, Cambridge, in 1906 
and 1907. A small stock of it went into cultivation in 
Scotland, Yorks, Essex, and some districts of the south-west 
in 1907. It went into general cultivation in 1909. 

The progeny of this stock and of some re-selections of it 
are still preferred to other sorts by many Yorkshire growers. 

■ A pure cultivation of this barley is repeated year after year 
in the nursery and field plots at Warminster. 

DSscription. — ‘Plumage’ (343) is a ‘pure race’ of the wide- 
eared variety Hordeum zeocriton, var. erectum. 

The grain is slightly longer in shape and of a rather deeper 
yellow colour (except in hot and dry seasons) than other 
races of the same class. The straw is long, and the ear 
emerges on a long neck from the upper leaf sheath (Fig. 29). 
On account of the length of its neck and the heavy weight 
of its ear the straw is liable to ‘kink’, and in some cases (in 
unfavourable weather and situation) to break a few inches 
below the ear if allowed to stand until overripe. 

The rachis or axis of the ear is also rather brittle when 
overripe and liable to break during threshing with the grains 
still adherent to it.^ This brittleness of the neck and rachis, 
with firm adherenc? of the grain to the rachis, is characteristic 
of many of the wide-eared {erectum) barleys, but for sonae 
reason the defect appears to be more developed on certain 


1 Brittle rachis in barley is probably a case of reversion to an 
type. In the wild form of barley (Hordeum spontaneum C. Koeh^ whwh m 
possibly the ancestor of ah the cultivated sorts, the rachis (as^th many of 
the gr^es) falls to pieces on ripening with a segment of it adhering to each 

seed. 
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soils than on others and it is more prevalent in early than in 
late localities. 

Plumage thrives best on fairly deep soils and on land in 
good condition, and is less suited for growing after other 
white-straw crops and on thin, sandy, or early soils. 

The growing period of Plumage is about the same as that 
of Chevalier when sown at the same time, and about a week 
less than that of Archer barley. It is therefore more suited 
than Archer to late districts. Owing to its brittle rachis it 
is best cut before it is overripe. 

As an illustration of the productivity of this race under the 
most favourable conditions. Sir Harry Hope, of Barneyhill, 
near Dunbar, grew about 600 acres on his farm between 1908 
and 1913. It yielded an average of over 60 bushels per acre, 
which, at that time, was probably a record for barley growing 
on any farm in the United Kingdom. 

The results in each year were as follows : 

1909. 81 acres. Average yield per acre : 62 bushels 

1910. 70 acres. Average yield per acre : 56 bushels 

1911. 90 acres. Average yield per acre : 64 bushels 

1912. 180 acres. Average yield per acre : 60 bushels 

1913. 190 acres. Average yield per acre : 66 bushels 

Beaven^s English Archer (4) 

History, — ‘ Archer ’ or ‘ Archer stiff straw ’ barley of yarious 
races, generally more or less mixed in cultivation but with a 
general similarity of character, had been well known ifi the 
Eastern Counties for a great number of years. It is probably 
one of the oldest types of British barley. The same type of 
barley is known by the name ‘Prentice’ on the Continent, 
and several ‘pure races’ have originated by its selection in 
Denmark, Swedcii and Germany. It has also been grown up 
from ‘ single *pla'iit ’ cultures and widely distributed in Ireland 
by the Department of Agriculture there.^ [It was named 

f The Irish experiments were started in 1901 and the Archer then used was 
Oie old un^lected stock. The single plant cultures of Irish Archer (1) began 
in 1904. The first introduction of Archer into Ireland took place in 1899 
on the ^ggestion of Mr. Free, of Mistley, Essex, but Scotch Chevalier, 
btandweU and Old Irish were the prevailing sorts at that time in the country 
generally. 
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‘Prentice’ because it resembled a barley of that name sent 
by Mr. Ernest Prentice, a well-known seedsman, to Denmark 
for experiments, but this was afterwards found to be a 
different variety.] Comparative trials of Archer, both of 
unselected and selected stocks, by various authorities in the 
Eastern Counties, in Denmark, and in Ireland, have shown 
this type (and more especially the selected races of it) to be 
generally much more productive than either Chevalier or 
wide-eared barley. It was discovered by Mr. Alan McMullen 
(of the staff of Messrs. Guinness, Dublin) when he visited 
Denmark in 1904 that ‘Prentice’, so called, was in fact 
‘ Archer ’, and this provided strong jprima facie evidence that 
Archer was a higher yielding barley than either Chevaliers 
or Goldthorpes. It was certainly this discovery that gave 
the cultivation of Archer its impetus, and since that time we 
have gone steadily forward improving barley on both sides 
of the Irish Channel and always with Archer as one parent. 

Beaven’s English Archer (4) is a ‘ pure race ’ of Hordeum 
distichum, var. nutans, which originated in a single plant 
culture selected for superior productivity and quality from a 
large number of similar single plant cultures started from 
ears of Archer barley collected in various parts of England 
and grown in the Warminster nursery in 1903. English 
Archer (4) was grown on field plots near Warminster in 1906 
and on the plots of the University Farm at Cambridge in 
1907 and following years. It was afterwards distributed in 
the Eastern Counties from the University Farm and from the 
Norfolk Agricultural Station at Little Snoring. The first 
farm crop in the south-west of England was grown by 
Mr. Cary Coles, of Winterbourne Stoke, Wilts, in 1908, from 
whence it spread extensively into general cultivation in 
Wiltshire and Dorsetshire. It was repeatedly tested on 
County Council plots in the Eastern Counties and by the 
Royal Agricultural Society at Woburn, and has given high 
yields compared with other sorts. 

English Archer gradually ousted Chevalier as fast as 
maltsters discovered that, although inferior in appearance to 
Chevalier, it provided them with better malting material. 

Description. — ^The straw is of the characteristic Archer type, 
comparatively short, and the ear emerges only a few inches 
from the leaf sheath (Fig. 29). There is therefore only a 

Q 
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short neck, which is free from any tendency to kink. The 
ear is rather less narrow than that of Chevalier barleys. The 
grain is distinguishable from Chevalier by the bristly rachilla, 
i.e. the small rudimentary structure which lies in the furrow 
of the grain. The colour of the grain is a greyish-yellow, 
but brighter and more uniform than the old unselected 
Archer. 

This barley does not shoot up quite as quickly as some of 
the other sorts — Chevalier, for instance — but it tillers freely. 
In consequence of this high-tillering character the crop is 
frequently better than would be expected when the young 
plant has been thinned by unfavourable soil, or seasonal 
conditions in early spring. If it is sown fairly early, say, 
during March, it generally comes to harvest within a few days 
of Chevalier sown at the same time. It is specially suited 
for light and early soils and for growing after wheat. Also, 
owing to its hardiness, the plant stands up well under adverse 
early spring conditions in exposed situations, such as the 
early upland districts of the south-west of England, and it 
yields better than Plumage under such conditions. 

From a very careful study of,, experiments made at 
Warminster with this barley I found that it made much more 
root in proportion to shoot in the quite early stages of its 
growth. 

Although Archer behaved better in what might be termed 
the vegetative stage of the plant when grown alone, if it was 
grown in competition with another quick-growing or taller 
race it suffered. Archer invariably gave a higher yield than 
Plumage when grown separately, although it was inferior in 
quality. Experimenting with the two races in 1905 it was 
found that when they were seeded equally together Plumage 
almost killed the Archer down. This was due to the fairly 
obvious fact that Plumage made a quicker start and over- 
topped the Archer barley before the latter had a fair 
chance. 

Fig. 29 shows the appearance of the straw, length of neck,^ 
and of the ears of these two ‘pure races Plumage and Archer, 
. and of their offspring, Plumage- Archer. Fig. 30 shows typical 
ears of these three races. 

^ Differences in length of straw and of neck in barley are to some extent 
modified by seasonal and cultural conditions. 
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Note. — "Pure line’ Archer has been replaced by Spratt- 
Archer. The only reliable cultures of Enghsh Archer now 
obtainable in this country are, I believe, the few square yards 
grown in the nursery at Warminster. This is unfortunate, 
as " place effects ’ of seed often make considerable differences • 
to crops and in all trials of races the seed should have been 
grown in as nearly as possible similar environments. 



CHAPTER XXIV 


HYBRIDIZATION 

When the single-line method of increasing the value of 
existing stocks of barley had wellnigh reached its limit we 
came to consider methods of crossing new and distinct races 
by the practice of hybridization (or cross-breeding), i.e. the 
creation of new combinations by taking two races of the same 
species which differ in their, characters, with the intention 
of combining the desired quahties of both by artificial 
crossing. 

Uniformity and evenness of sample are more difficult to 
obtain with hybrids started by crossing because the large 
number of Mendelian characters possessed by each parent 
may give rise to a considerable number of combinations in 
the progeny. Whenever we cross-fertilize and raise a progeny 
from single plants (even from single plants of the F.4 and F.5 
generations) we always sacrifice uniformity to some extent. 
There is no hybrid race in which the individuals are uniform 
in all inherited characters. The only thing that really 
matters is that the lack of uniformity^ should not be pre- 
judicial to the value of the race, as compared with other, 
possibly more uniform, races. But we do get with our 
hybrid races approximate uniformity, higher productivity 
and better quality of grain if our methods are systematically 
directed to those ends.^ 

I do not know of any hybrid race which is as uniform in 
respect of early habit and straw characters as are Plumage 
and English Archer, both raised from selected plants of old 
races with no record of any hybridism in their past history. 

The following table illustrates a comparison between parent 
and hybrid races : 


The term hybrid’ signifies that the single plant ancestor was one of a 
mmily onginated by a cross-fertilization, as distinct, say, from Heaven’s 
English Archer or Plimage, two of the few surviving races selected from a 
single plant not cross-fertilized. 


244 
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Table XXXVII. Warminster Nursery Chequer-board, 1913.^ 
Comparing Hybrid Races with Parent Races 


Averages of 20 plots of each of four 
races 

Parents 

Hybrids 

Plumage 

English 

Archer 

S.145 

145/46 

Average number of plants per square 
yard ...... 

95*9 

98-8 

97-7 

102-0 

Average weight of ears per plant 
(grammes) ..... 
Average weight of straw per plant 
(grammes) ..... 

308 

2*99 

3-03 

2-86 

306 

2-82 

313 

2-43 

Average total weight per plant 
(grammes) ..... 

607 

5-89 

5-88 

5-56 

Average number of ears per plant 

1*81 

1-99 

1-93 

1-99 

Average weight per ear (grammes) . 
Average weight per straw (grammes) . 

170 

1*65 

1-51 

1-45 

1-59 

1-45 

1-57 

1-23 

Average total weight of ear and straw 
(grammes) ..... 

3-35 

2-96 

3-04 

2-80 

Average number of ears per square 
yard ...... 

173-6 

197-2 

188-4 

202-8 

Average weight of plants per square 
yard (grammes) .... 

581-8 

582-8 

575-4 

506-8 

Average ratio of parents to hybrids . 

1( 

)0 

98-8 

97-4 

Average yield = weight of ears per 
square yard (grammes) 

295-2 

297-8 

300-7 

318-6 

Average ratio of parents to hybrids . 

K 

)0 

101-6 

107-6 

Average M = ears percentage of plants 

50-7 

51-1 

52-2 

56-2 

Average ratio of parents to hybrids 

100 

102-5 

110-5 


This table shows that some hybrid races yield better than either 
parent race when grown under parallel conditions. In the above 
case this was confirmed in subsequent years, and it is evident that 
the improvement is due to the higher migration coefficient (M). 

Hybridization of any wide-apart races produces thousands 
of mongrel plants, all differing in some characters (often 
minor ones), only probably different by repeating cultures 
for several generations. I have never had any success in 

1 The chequer-board method is fully described in the following chapter. 
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crossing wide-apart races even if they were of the same 
species. 

I have in fact found that the only useful method of cross - 
fertilization is to follow the purely empirical practice of all 
successful breeders of domestic animals, namely, to select as 
parents only those individuals each of which can claim an 
ancestry of proved economic worth and which also are not 
widely dissimilar in character. 

Fig. 32 portrays the result of cross-fertilizing at Warminster 
in 1903 two very widely differing races of barley, and shows 
how great the number of the intermediate forms of the F.2 
generation may be. 

The parents (Fig. 31) were: 

1. Hordeum spontaneum: from a culture received origin- 

ally from the Botanic Garden of St. Petersburg. 
It had, and its progeny still has, all the characters ^ 
of one of the races of wild barley as it grows to-day 
in many Eastern countries. 

2. Hordeumhexastichum^YSLT.thyrsoideum: from a culture 

descended from a single ear received from Mr. Karl 
Hansen. It was evidently a ‘mutation’, for it is 
different in all the characters of its inflorescence 
from any other known race and it has remained 
constant in all these characters since it first 
appeared. 

These two races, although so wide apart in original struc- 
ture, cross freely, and the hybrid plants almost without 
exception are fertile. All known forms of barley are inter- 
mediate in structural characters between these two extreme 
forms. 

Two fertile seeds resulted from the cross, which gave two 
plants of the F.l generation, bearing over 200 seeds. The 
ears of F.l are not illustrated. Like those of H. spontaneum 
they dropped to pieces on ripening. Also, like H. hexa- 
sticJium^ var. thyrsoideum, the individual grains instead of 
bearing awns had short trifurcate appendages like those of 
H. vulgare, var. irifurcatum, which is cultivated in Himalayan 
districts. (The grain of H. hexastichum^ var. thyrsoideum has 
no economic value, but it has as stout a straw as any race of 
barley I have met with.) 
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These seeds of the F,1 generation nearly all proved fertile 
and produced 230 plants of the F.2 generation. Fig, 32 
shows ripe ears of 22 of these plants, but these by no means 
display all the variable characters of the plants of this 
generation. Nearly every one of these 22 types of inflor- 
escence occurred on plants diflPering inter se in other respects, 
namely, in characters of the root, the stem and the leaves ^ ; 
in degrees of fragility of the rachis ; and also in physiological 
characters, such as 'tillering’ habit, length of growing period 
and susceptibility to parasitic diseases. 

Progeny of each of the 280 F.2 plants was grown in the 
F.3 generation and every one of these 230 cultures contained 
plants differing from each other in one or other racial 
character. Some progenies of the F.8 plants were grown on 
to the F.7 generation, and single plant cultures from these were 
carried on for a few more years. From casual observation I 
doubt if any two plants of this F.7 generation are absolutely 
alike genetically: many of them appear to be 'splitting’. 

From 200 F.2 plants carried on to the F.4 generation, 
20,000 plants were put aside for critical examination. I 
believe that no two of them were alike in genetic characters. 
It is, of course, difficult to distinguish between genetic and 
fluctuating characters in old material, but I think that if 
they were critically examined by an expert geneticist the 
conclusion would be that the presence of many hundreds of 
'genes’ was involved. If the whole of these 20,000 plants 
had been grown on to the F.7 generation there would have 
been about 50 millions of progeny and conceivably that 
number of distinct races. 

This experience proved that it is hopeless in practice to 
expect any useful results from 'wide-apart’ crosses even if 
each parent had some useful racial characters. 

These cultures may, however, in future, throw some light 
on recent neo-Mendelian theories. 

^ It is sometimes overlooked that in addition to the genetic variability of 
the cereals in respect of the inflorescence, the genetic variability in respect of 
vegetative characters, viz., root, stem and leaves, and the habit of growth, 
is also very great. I have had instances of winter barleys sown side by side 
in the autumn: in one race, no part of any leaf was an inch above ground: 
some races with quite large shoots were entirely prostrate; whilst plants of 
another race growing alongside were erect and nearly a foot high. These are 
undoubtedly genetic characters, and as far as I can see there are all degrees 
of this vegetative habit. 
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Sixteen cultures (F.18) of hybrid spontaneum x var. thyrsoi-^ 
deum, cross-fertilized in 1918, were included in the nursery 
plots in 1936.. All the cultures were the progeny of one F,2 
plant (1920). It is believed that the progeny of this cross 
still continues to split in some vegetative characters. If so, 
it may be suggested that there is no end to the ‘ mutability ’ 
of hybrids in some morphological or physiological characters. 

As an example of the difficulty of breeding for some desired 
combination of good qualities, even in races of known agri- 
cultural value. Fig. 33 shows the ears of the parent plants 
and Fig. 34 gives examples of the ears of different plants of 
the F.2 generation arising from a cross -fertilization made in 
1928. It was hoped that this might be the first stage in the 
production of a new hybrid race, having the well-proved good 
points of both the parent races. 

The parents were: 

1. Plumage-Archer — ^H. zeocriton^ var. erectum. 

2. F.112 — ^H. hexastichum. This six-rowed race was the 

progeny of a single plant of an old variety selected 
many years ago and considerable acreages of it have 
been cultivated. 

Most of the plants of the F.2 generation were intermediate 
between the parents in one or more of the rather widely 
differing characters of root, stem, leaves and inflorescence. 
Several F.3 cultures were selected and each further multiplied 
up to the F.6 generation. None of these cultures was worthy 
of being taken forward to the next stage, viz., that of chequer- 
board trials. 

Even these two parent races, which both possess very 
good points, probably differ too much in morphological 
characters to make it possible to extract from their progeny 
cultures which would be more valuable than the parent 
races. 

Even if we choose only ‘well-proven’ parents (as I have 
done for some years past) it is necessary to grow cultures of 
F.2 plants separately for at least two or three more generations 
before selecting those which are likely to be of greater economic 
worth than their parents. But nursery space is limited, and 
we can only carry on a limited number to the F.4 and F.5 
generations. Mendelism and all its recent elaborations fail 



Cross of 11. erectum and II. heji'astichiim , 



Fig. — Ears of parent plants. 



Fig, 34, — Ears of 20 plants of second hybrid generation. F.2. 
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us here because of the great number of differing characters of 
the plant which affect either productivity or the quality of 
the grain, even when the parent plants are not of widely 
differing races. 

The geneticist will generally offer an explanation of the 
plant-breeder’s results after they have been obtained, and 
even enable him to forecast some of the more simple effects 
of cross-fertilization, as, for instance, what proportion of 
plants with black grains will appear in the F.2 generation if 
the parent plants bore black and white grains respectively. 
But ‘ genetics ’ can do little or nothing to help us at this stage 
to select cultures for multiplication which will give better 
results than the parent races to both farmer and brewer, 
which is our special object. 

Imagine an owner of thoroughbreds who has a hundred 
yearlings and is only prepared to enter one for the Derby. 
The odds are probably more than 10 to 1 against his entering 
the best of them and certainly more than 100 to 1 against 
th^ one which was really the best winning the Derby two 
years after, however much the ‘genetics’ of the problem had 
been studied. The plant-breeder’s position is similar. Plant 
and animal genetics have much in common if we accept 
current ‘ chromosome ’ theories ; but it is a fact that both in 
plant and animal breeding art as well as science is requisite. 
Sir Rowland Biffen excels in both and rightly deserves the 
title of the ‘Wheat Wizard’. I am no artist and have had 
to depend on more laborious and meticulous methods, such 
as replication of comparative trials, counting and weighing of 
produce, biometrical analysis, and such laboratory work as 
my resources have permitted. 

Biometrics are useful at all stages of plant breeding and can 
be applied after, say, 100 plants have been raised. They are 
more especially applicable to yield in chequer-board and half- 
drill strip plots. 


The Technique oe Hybridization and oe Selection 

The artificial hybridization of barley is a comparatively 
simple process presenting no difficulty to those familiar with 
the practice as applied to other plants. It consists merely 
of first extracting the unripe anthers from a flower of one 
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plant and dropping on the exposed stigma a ripe anther from 
the flower of a plant of another race. 

The parent plants are referred to in the language of genetics 
as the F.O generation. The plant which is grown from the 
hybrid seed is called the F.l, or first filial generation. This 
F.l plant commonly resembles one of the parents more closely 
than the other, and if several florets of one plant have been 
cross-fertilized with pollen from any one other plant, and 
there are several F.l plants in the next generation, these F.l 
plants are generally indistinguishable from each other in their 
morphological characters. 

But each of these F.l plants may bear 100 seeds and if 
these are sown — giving 100 plants of the F.2 generation — 
these 100 F.2 plants will not be all alike if the parents were 
of diflPerent races; some will resemble one parent, some the 
other parent, and in most cases there will be many differing 
intermediate forms. 

The technique of selecting single plants in an F.2 generation, 
or of selecting cultures seeded from these plants, has not yet 
been fully discussed by any writer. It is immensely com- 
plicated by the difficulty of distinguishing between the herit- 
able differences and the fluctuating differences arising from 
external conditions, which always occur. 

The method of selection which has been adopted at 
Warminster is as follows: From the cross-fertilized grain of 
the selected plants we may get some 10 plants, producing 
about 50 ears in the F.l generation. The following year 
12 grains from each ear are planted, each being given a con- 
secutive number. 

The method adopted for numbering the twelve grains in the F.2 generation 
planted from each F.l ear harvested is as follows : 

First year. — F.O. Cross made (say, xl4), 10 florets set and 10 grains 
developed. 

Second year, — F.l. Ten grains planted wide apart to give large plants — 
each plant separately harvested and numbered thus : 

X 14 Plant 1 producing, say, 8 ears. 


Plant 2 „ „ 6 

Plant 8 „ „ 3 

Plant 4 „ „ 4 

Plant 5 „ „ 2 

Plant 6 „ „ 7 

Plant 7 „ „ 6 

Plant 8 „ „ 5 

Plant 9 „ „ 2 

Plant 10 „ „ 8 


The ten plants giving a total yield of 45 ears. 
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Third year, — ^F.2. Twelve grains (1 row) planted from each F.l ear 
harvested and numbered thus : 

X 14/1/1 = X 14/Plant 1/Ear 1. 

X 14/1/2 = X 14/Plant 1/Ear 2. 

And so on to x 14/1/8 = x 14/Plant 1/Ear 8. 

And so on to the last hybrid which would be 

X 14/10/3 = X 14/Plant 10/Ear 3. 

T his means that a total of 540 grains would be planted, which, after allowing 
for failures and the discarding of both outside plants, would probably average 
nine plants per row to harvest =405 plants. 

There are about fifty rows of 12 grains each, wliich 
means that we get 500—600 plants in the F.2 generation. 
The produce of these fifty rows will be ‘splitting’; some 
plants resembling one parent, some the other; and the 
remainder something between the two. At harvest the two 
outside plants are discarded : the remaining plants are 
harvested, weighed and classified, each being numbered. 
After harvest they are carefully examined and notes taken 
as to length and stiffness of straw, length and stiffness of 
neck, weight of straw minus root, weight and type of ear, 
strength of rachis, ratio of grain to straw and susceptibility 
to parasitic disease. From the results of these determinations 
(together with eye inspection a number of these F.2 plants 
are discarded: from the remaining produce 12 grains from 
the best ‘ear of each plant are sown (each row usually alter- 
nated with a ‘control’ race) which produce a total of approxi- 
mately 4,000-5,000 plants. These are harvested in a similar 
manner to the previous year’s produce and the same deter- 
minations are made on the produce of each plant. From this 
F.8 generation about twenty of the best hybrids are selected 
for further trials, selection and multiplication — ^all the re- 
maining produce being discarded. From the produce of the 
plants selected, four or five of the most promising hybrids 
are carried on to the F.5 generation. When we have decided 
which cultures to proceed with (generally less than one in 
twenty of those raised to the F.5 generation), and when we 
have about a poimd of seed of such a race (or races), we 
proceed to the next stage of trial and multiplication, viz., 
the nursery chequer-board cultures. The F.5 generation is 
considered to be the earliest in which significant results could 
be obtained with which to compare the selected races. 
Similar chequer-board (and half-drill strip) ^ trials are required 

^ I attach no value to eye judgement for yield, but it is useful for quality. 

® For description of the half-drill strip method see Chapter XXVII. 
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the F.7, F.8 and F.9 generations in order to decide 
lether any of the cultures are good enough for distribution, 
several cases I have selected cultures for further multiplica- 
)n in the F.IO generation, and whenever this has been done 
e new eulture has been different in some respect from all 
e other cultures which have been the progeny of other F.2 
ants. 

I am of the opinion that single plant cultures started from 
later generation than, say, F.5 of a hybrid plant, although 
! in the case of ‘ Plumage-Archer 1924 ’ (see Chapter XXVIII, 

. 299) sometimes superior in respect of certain qualities, are 
ot on the whole better than aggregates like ‘Golden Archer 
5/F’ (see Chapter XXVIII, p. 801) made up of the progeny 
f a number of closely similar cultures, all derived from an 
’.2 plant and seleeted in the F.3 generation. I tliink this 
leans that there is so much ‘differential response’ of race 
0 environment that slight differences in the ‘ habits ’ of in- 
ividual plants are compensatory. But it is a very abstruse 
ubject and only practical results can give us reliable 
jonclusions. 

Re-selection feom Hybrid Races 

Can we continue with advantage to re-select parent plants 
from a hybrid race in succeeding generations? All animal 
breeders, and probably all horticulturists, would answer the 
question in the affirmative. It is their regular practice. 

In the case of the cereals, however, the individual seeds in 
the succeeding generations following an artificial cross are 
self-fertilized, and according to the Mendelian theory the 
progeny of the plants which are ‘fixed’ in the third generation 
will breed ‘true’ and not alter in character as long as they 
go on self-fertilizing, and this theory has been proved to hold 
good in respect of simple characters in plants. 

But, even if the Mendelian doctrine of unit characters is 
fully admitted, it is quite Hkely that in any two original 
parents of two distinct races of any cereal the number of 
differing characters may be so numerous as to render the 
number of possible combinations almost unlimi ted . 

There is plenty of evidence that there is a good deal of 
coupHng and linking of characters, but it is possible that 
some characters may escape from the hnkage in future 
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generations with self-fertilization. Also, there must be a 
number of ‘internal’ characters which may be ‘splitting’, 
but which cannot be observed by merely inspecting the 
plants. It is at least open to doubt whether any cereal 
race at present in cultivation, resulting originally from cross- 
fertilizing two distinct races, is absolutely uniform in all 
its racial characters. If it is not uniform, it is certain that 
the aggregate will alter in character in future years from the 
competition of individual plants under field conditions. 
Unfortunately the best grain - forming individuals do not 
always survive and so the race may deteriorate in this 
respect. 

The question whether any improvement will result in any 
particular case from the re-selection of individual plants in 
successive years is of course another matter. Our present 
knowledge of hybrid barleys leads us to conclude that, 
whatever the origin of the race, in order to retain its uniformity 
it is very necessary and desirable to re-select individual 
plants in successive generations in order to eliminate the 
minor differences in structural or constitutional characters 
and to raise from these single plant cultures ‘selected hybrid 
races’. 

Recent research in genetics favours the general conclusion 
that inbreeding is desirable when (but only when) both parents 
are free from any marked unfavourable character. 

Unfortunately, in the case of cereals, the process of 
effectively selecting by observation of progeny from amongst 
the progenies of hybrid plants is very costly, and quite 
unprofitable as a commercial proposition, if all the necessary 
conditions are fulfilled. For this reason, perhaps, the necessary 
conditions have often been unfulfilled and as a consequence 
many hybrid races of cereals which have been introduced 
into general cultivation have, in the past, proved to be less 
useful than those which they have displaced. 

It is the plant-breeder’s job to produce a race which will 
combine the desired characters of both parents, and if in 
the process some sacrifice of uniformity in unessential 
characters is made, it may be justified if overbalanced by 
the particular combinations which give extra vigour and 
productivity in the plant, with the desired quality of grain. 



CHAPTER XXV 


CAGE EXPERIMENTS AND THE CHEQUER- 
BOARD METHOD 

The object of the nursery experiments was twofold, namely, 
(1). to increase the acreage and improve the quality of the 
barley of this country; and (2') to maintain the character of 
barley as brewing material (for which purpose it is mainly 
used) by studying the quality of the grain as well as the 
yield per acre. 

With the exception of cultures grown from a few commercial 
samples of imported barleys, all the barleys in the nursery 
(and in the field) have a recorded pedigree originating from 
single plants collected from outside sources, or selected from 
previous cultures at various dates since 1894. 

I only allow seed of such races as I am myself satisfied is in 
some respect superior to that of existent races to be put out, 
which means that about 99 per cent, of the races which are 
raised are ‘scrapped’ — often after many years of systematic 
trial. 

Cage Experiments 

Previous to the introduction of the chequer-board cultures 
two races had been compared in the cage by sowing alternate 
rows. In 1905 Archer and Plumage were compared by this 
method.; In addition to sowing alternate rows, one-tenth of 
an acre ’Wf -each race was grown outside the cage in order to 
make a comparison. The residt was that, whereas Archer 
gave slightly better yield outside the cage, Plumage yielded 
20 per cent, better than Archer within the cage. 

The correlation between the yields was significantly 
negative owing to the two races being grown side by side. 
Plumage, being a taller barley than Archer, shaded the latter 
and probably took more nutriment out of the soil. 

This experiment showed clearly that a comparison of 
adjacent rows with interference of this kind was useless, and 
to overcome this difl&culty, and further to ascertain whether 

254 
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in widely differing environments a certain race will generally 
be more profitable to the grower than another, I devised in 
1909 a standard method of sowing which became known as 
the ‘Chequer-board’ culture. 

Chequer-board Method 

In 1910 the first application of the chequer-board method 
of yield trials was made in the Warminster nursery. This 
method has been continuously used since that period, with 
the exception .of the two latter years of the 1914-18 War. 

At the start only four races were used for comparison, 
8 plots for each race = 32 plots, but it soon became apparent 
that this was not a sufficient quantity to give a good com- 
parison as between the races and accordingly, dating from 
1912, the number was increased to eight, one of which was 
used as a ‘control’ race. 

These eight races are ‘chess-boarded’ in the centre of the 
nursery. The disposition of the plots of the races is such 
that they occur more or less at ‘knight’s-move’ intervals, the 
object being to equalize the conditions .for each race. 

As soon as sufficient seed is obtained, the eight races are 
sown by hand in plots of 16 sq, ft. each, of which only the 
central square yard is harvested. The seed of each race 
used is grown, as far as possible, in the nursery in the previous 
year. The individual seeds and plants in each plot are 
equidistant : the seeds are planted at 2-inch intervals in the 
rows with a 6-inch space between the rows, which is some- 
what more than the average soil space per plant in fields of 
barley. There are 108 seeds per square yard ( = about 
4 grammes), which is approximately half (or less) the number 
generally sown in the field. ^ One or two thus sown are old 
‘pure races’; and the others are hybrids grown up to this 
stage from the progeny obtained by the cross-fertilization qf 
two ‘pure races’. There are 12 plants to each square foot, 
which is about the average number of surviving plants in 

1 This- is equal to 19,360 grammes per acre ( =42^ lbs.). 

The usual field sowing (and in field experiments) is about 140 lbs. (=2J 
bushels). 

The average number of surviving plants per square yard in chequer-hoard 
cultures is about 95 ( = approximately 460,000 plants per acre). 

The average number of surviving plants per acre in field plots is 
approximately 680,000. 
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ield cultivation. There are usually 20 plots of each race, 
naking 160 plots in all. 

By this method the errors of experiment due to variable 
soils of the plots are, as far as possible, eliminated. Needless 
:o say, results so obtained are not invariably confirmed by 
subsequent field trials, although they usually are. It is 
certain, however, that we shall never get cage hand-planted 
3 rops to compare strictly with field crops grown alongside, 
and it is obvious that the results obtained cannot afford 
conclusive evidence of the comparative value of races grown 
under normal agricultural conditions. Hand - cultivated 
methods are only (economically) useful in the early stages of 
plant breeding in order to afford indications of probable 
quality of produce; and they do provide good indications of 
comparative potential capacity for tillering’ and ‘migration’ 
as between races; and these are two important factors of 
productivity. 

To maintain the fertility of the cage artificial manures are 
generally used. 

A plan of the lay-out of the chequer -board plots is shown 
opposite (Fig. 86), and a plan of each plot (Fig. 37). 

All the harvesting work is done by hand. The produce of 
each plot is separately harvested; the plants are pulled up 
and counted, and the roots cut off; the ears are counted 
and bagged separately for each plot; the straw of each plot 
is separately bundled; the number of plants and of ears of 
each plot is recorded. 

After the whole produce has been dried to approximately 
12 per cent, moisture on a kiln, the ears and stems of each 
plot are separately weighed; the average number of weight 
of ears per plant, the average weight per ear, and the ratio 
of ear weight to plant weight are computed for each plot. 

Subsequently laboratory determinations of nitrogen content 
and 1,000 corn weight are made; and such biometrical work 
begins as is useful for interpreting the data. Since there are 
a hundred countings and weighings and many hundred 
deduced ratios for each of the eight races in each chequer- 
board, it will be seen that there is abundant material every 
season for biometrical analysis. 

I now have in my possession the records of over 30 of 
these chequer-boards, amounting to about 5,000 plots. Six 
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Fig. 36. — Plain of lay-out of Warminster Nursery Chequer-boards. 
8 races. 20 plots each — 160 in all. 

(In some years there were only 16 plots of each race.) 


6 

3 

8 

5 

1 

2 

7 

4 

1 

6 

8 

8 

5 

2 

7 

4 

1 

6 

3 

8 

5 

2 

7 

4 

1 

6 

3 

8 

5 

2 

7 

7 

4 

1 

6 

3 

8 

5 

2 

7 

4 

1 

6 

3 

8 

5 

2 

7 

4 

1 

6 

3 

8 

5 

2 

It 

4 

1 

6 

3 

8 

i. 

5 

2 

7 

4 

1 

6 


8 

IS 

2 

7 


1 

6 

3 

8 

5 

2 

7 

4 

A 

6 

3 

8 

5 

1 

2 

1 

7 

4 

1 

1 

6 

3 

8 

5 

2 

7 

4 

1 

6 

3 

8 

5 

2 

7 

4 

1 

6 

3 

8 

5 

2 

7 

4 


6 

3 

8 

5 

2 

2 

7 

4 

1 

6 

3 

8 

5 

2 

7 

4 

1 

L. 

6 

3 

8 

5 

2 

7 

4 

1 

6 

3 

8 

5 

2 

.7 

4 

1 

6 

3 


Numbers 1 to 8 represent races. 


Fig. 37. — Plan of individual Plots. 
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available data, including hundreds of correlation coefficients, 
which it is hoped will serve to indicate which are the factors 
of productivity. 

The manner in which the chequer-board results are re- 
corded and analysed with a view to selecting the best races 
from these preliminary cultivations is set out in Table 
XXXVIII. 

Eight races were under comparison and each figure for 
each race is the average of the 20 figures obtained by counting 
the plants and weighing separately the straw and ears on 
each of 20 square-yard plots. Races numbered 1, 6 and 7 
are hybrids, all having the same ancestry. The others are 
‘pure line’ Archer barleys, grown up from plants selected 
generations previously. Of these, No. 4 is one of the parents 
of the three hybrids. All the five Archer races are constant in 
type and present only very slight differences in appearance. 

Column 7 of the table gives the percentage of the ratio of 
grain to straw (migration coefficient factor) and column 10 
gives the yields of grain as compared with Race No. 1 taken 
as 100. 

The ‘probable errors’ of the migration coefficients (M) of 
each race shown in the table are very low. The migration 
coefficients of each of the 20 plots of each race differ so 
slightly from each other that it becomes practically certain 
that each of these eight averages in column 7 is within a 
small fraction of 1 per cent, of those which would be obtained 
by repeating the experiment any number of times. 

If we compare Race No, 1 with Race No. 4 — ^i.e. a hybrid 
with one of the parents — ^the difference of the two migration 
coefficients shown in column 7 is that between 48*3 and 46-6 
per cent, respectively, viz., 1-7 per cent. Now, according to 
the laws of probability, with a ‘probable error’ of something 
less than 2 per cent, the odds are a good deal more than 
1,000 to 1 that this is not merely a chance difference. 

On the other hand, if we take the figure of either column 6 
or columns 9 and 10, representing the actual average weights 
of the total produce and of the ears, and if we take into 
account the figures for each of the 20 plots, of which these 
are the averages, then we see that these figures are subject 
to a very much higher ‘probable error’. The ‘range’ of the 
weights on each square-yard plot is something like 80 per 
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cent, on each side of the average, and it might easily be a 
matter of pure chance that there was a difference like that 
shown in the table of 1-4 per cent, only in the average yields 
of the 20 plots. It is no more than even betting that such a 
difference would be shown if the same experiment had been 
repeated a much larger number of times. An equal difference 
in the other direction would be just as probable. No con- 
clusion could be drawn from this result if it stood alone. 

But the case is entirely altered when we find that as 
between these two races there is a definitely measurable 
difference in the ratio of grain to straw, as shown by the 
‘migration coefficient’, and that, as shown by columns 10 
and 11, yield and migration are closely parallel. 

It follows that if we can prove that there is a general 
conformity between the order of the migration coefficients 
and of yields of grain, when races are compared under the 
same conditions, then when the differences in yield are (as 
they generally are) within the limits of experimental error, 
we shall do better in the long run if we attach special im- 
portance to this character of good migration for the purpose, 
in the first place, of selecting individual plants, and in the 
second place, for the purpose of assessing the comparative 
values of the small aggregates of each race obtained within 
the first few generations. 

If the scale of the real differences between the races which 
we are likely to produce were 10, or 15, or 20 per cent, we 
could no doubt demonstrate them by simply weighing the 
grain from a small number of plots. But ^fferences of this 
order are not in the least likely to come at ‘one fell swoop ’. 

Columns 8 and 8 show no very wide differences in either 
tillering capacity or ear weight. Somewhat wider inherited 
differences than are here shown occurred between other races 
than these, but generally the differences to be expected are 
in about those proportions when, as in this case, we start 
with races which have all been selected for high yield. 

The differences between individual plants, even in cultiva- 
tions of this kind with equal soil space per plant, are of course 
greater than these average plot differences. Also, some ears 
weigh less than 1 gramme (l/28th of an ounce) and some 
more than 2 grammes. These latter wide differences in tiller- 
ing and ear weight have nothing necessarily to do with 
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Table XXXIX. — Warminster Plots, 1938. Chequer-board 

Trials 

Highest in merit in heavy type. Low N. indicates good quality. 


Races 

Estd. avg. 
weight 
grain 
per acre, 
i cwts. 

Avg. no. 
surviving 
plants 
per 

sq. yd. 

Avg. no. 
ears 

per plant 

Avg. 
weight 
per ear, 
grammes 

M 

per 

cent. 

Avg. N. 
per cent, 
dry grain 

P.A.1935 . 

(1) 

270 

(2) 

103-2 

2-56 

1-27 

(3) 

56-7 

1-36 

G.A.35/F . 

260 

102-6 

2-68 

1-18 

53-6 

1-40 

X 54/12 

25-7 

102-8 

2-59 

1-21 

54-5 * 

1-36 

S.A.37, No. 3 

26*5 

102-3 

2-69 

1-20 

54-0 

1-36 

G.A.35/51S . 

270 

1048 

280 

1-15 

53-8 

1-37 

X 54/13 

27-7 

103-6 

2-72 

1-23 

54*1 

1-35 

X 54/12/3 (C) 

27-0 

102-2 

2-525 

1-31 

55-2 

1-26 

X 54/12/3 (F) 

27-0 

103-3 

2-53 

1-29 

55-7 

1-27 

Averages . 

26*7 

. 103-0 

2-64 

1-23 

54-7 

1*34 


(C) = cage-grown seed 1937. (F) = field-grown seed 1937. 


Table XL. — ^Warminster Plots, 1939. Chequer-board Trials 
Highest in merit in heavy type. Low N. indicates good quality. 


Races 

Estd. avg. 
weight 
grain 
per acre, 
cwts. 

Avg, no. 
surviving 
plants 
per 

sq. yd. 

Avg. no. 
ears 

per plant 

Avg. 
weight 
per ear, 
grammes 

M 

per 

cent. 

Avg. N. 
per cent, 
dry grain 

P.A.1935 . 

21-2 


2-11 

1-22 

50-1 

1-42 

G.A.35/F . 

19-5 


2-18 

1-09 

45-4 

1-54 

X 54/12 

18-9 


1-99 

1-18 

47-3 

1-48 

S.A.37, No. 8 

19-1 

101-85 

2-17 

1-08 ! 

44-5 

1-51 

G.A.35/51S . 

19-4 

101-7 

2-15 

1-11 

46-1 

1-61 

X 54/13 

19-9 

99-85 


1-21 

47-2 

1-52 

X 54/12/8 . 

21-4 


2-05 

1-29 

50-0 

1-35 

Abed Kenia 

16-8 

95-2 

235 

•91 

51*9 

1-60 

Averages . 

19-5 

100-7 

2-13 

1-14 

47-8 

1-50 


The manuring in these experiments was 3 cwts. superphosphate, 3 cwts. 
kainit, 1^ cwts. siolphate of ammonia, per acre, sprinkled on and raked in 
before sowing. 

(1) These figures are obtained by multiplying grammes per square yard 
(ears) by *08 and assuming that racfiiis and awns weigh 16-3 per cent, of the 
weight of ear. The ears are weighed with about 12 per cent, moisture, but 
the average moisture of English barley is about 15 to 16 per cent, 

(2) 108 seeds per square yard are planted. 

(3) M =the migration coefficient, i.e. weight of ears as a percentage of the 
weight of the entire plant (excluding roots). 
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inheritance, but are for the most part purely adventitious, 
and would probably not be repeated in the next generation if 
cultivations were re-started from the grain of these individual 
plants. One individual plant growing under normal field 
conditions is frequently twenty times more prolific than its 
neighbour, although the seed may have come from the same 
ear. There is plenty of evidence that there is no true in- 
heritance of characters acquired from the environment in 
the case of the cereals. 

Not much value can be attached to one year’s trial of any 
race of barley, especially the first year when -the seed-grain 
is necessarily not comparable in physical character to that of 
the races which have been grown under similar conditions in 
previous years. 

More recent results of respective races in the chequer- 
board trials are given in the tables on p. 261 . 

The chequer-board trials are not the final stage in the 
sorting out of new races. We have to verify our conclusions 
by field trials in successive years under varied soil conditions, 
and, if possible, in fairly widely separated districts. 

Incidentally, it may be noted that the progeny of races 
selected both at Warminster and by the Department of 
Agriculture in Ireland were all selected by precisely the same 
methods as are still adopted, viz., chequer-boards and half- 
drill strips. The two hybrid races, Plumage-Archer and 
Spratt-Archer, both originated from cultures selected by 
these methods, and each of them in one locality. 

In the case of Spratt-Archer, after several races had been 
selected by the chequer-board method, field, trials were carried 
out over many and widely dispersed districts in Ireland for 
several successive years before the stock of one of them (37/6) 
was released for distribution in 1922 . I had no such advantage 
for the comparison of Plumage-Archer with other races in 
Great Britain before the stock was released in 1914 . 

[Details of the work {above referred to) and of the examination 
of the races tested for malting quality hy Messrs. Guinness" scientific 
staff are given in Dr. Hunter’s book, The Barley Crop ( 1926 ), and 
critically discussed in ‘Student’s’ paper, ‘On Testing Varieties 
of Cereals’ ( 1923 ).] 



CHAPTER XXVI 

FIELD TESTS OF NEW RACES 

It will be convenient to use some one word for the aggregates 
which are dealt with in ‘variety’ trials. New productions are 
generally aggregates of plants the individuals of which have a 
common ancestry, and in ‘ variety’ trials we are only concerned 
with the inherited characters of the aggregates. The most 
descriptive term to apply to any aggregate under trial there- 
fore appears to be race^ indicating the progeny of single 
plants, or of a selected plant of an old variety. 

Some aggregates originating from selected individual plants 
having a hybrid ancestry, although apparently uniform in all 
their inherited characters, ultimately prove to be more or less 
variable and this fact must be recognized in interpreting 
results of field trials. 

It is very improbable that any new race will be produced 
which will give a higher 3 deld of grain per acre than any other 
race under every condition of soil, season and cultivation. 

In Great Britain there are no wide areas of uniform soil. 
The lay of the land and the dip of the strata combine to make 
uniformity impossible. There are doubtless many farms of 
500 acres, or more, in Great Britain on which the soil is so 
variable that no one race of any species of agricultural plant 
is the best race for all parts of the farm. 

The plant breeder is limited in the early stages of the pro- 
duction of new races by the type of soil of his breeding plots 
and by the average climatic conditions of his station. The 
comparative yields and quality of a particular race obtained 
at a station in the West of England, say, on the Upper 
Greensand with an average rainfall of 36 inches, may be quite 
different from those obtained, say, on the boulder-clays of 
East Anglia with a 24-inch rainfall. So it follows that the 
plant breeder’s original determinations of relative productivity, 
however correct for his own conditions, wall not necessarily 
always be applicable to other localities. 

Seasonal effects, even in a limited area, are very diverse. 

265 
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These, together with the necessarily variable methods of 
manuring, crop rotation and tillage, may suit one race of a 
species better than another. Moreover, in some localities 
a quick-growing race may be necessary in the average of a 
series of years, as, for instance, the quickly maturing ‘ Scotch 
Common’ barley in Aberdeenshire. As a general rule, the 
more slowly maturing races will be the most productive, but 
superior yield may have to be sacrificed if in, say, one season 
out of three, there is a chance that the crop would fail to ripen. 

All that can be usefully accomplished in any one year in 
the way of testing new races is to make accurate comparisons 
in respect of economic value, taking both quantity and 
quality into account, at different stations selected for typical 
differences both of soil and of average chmatic conditions. 

If it were desired to obtain systematic knowledge of the 
suitability of existing races to localities, no better plan could 
be adopted than that organized some years ago by the Essex 
Farmers’ Union, co-operating with the National Institute 
of Agricultural Botany, to which reference has been made 
(Chapter V, p. 47). 

In the case of new races the prospective grower will have to 
rely on the experience and testimony of those who produce, 
multiply and distribute the original stock. The extra outlay 
on a few bushels of seed, which is all that is needed to stock 
a farm over a few years, will probably be money well spent. 
Of course there will sometimes be disappointments in the 
choice of race made for a particular type of soil. On the 
other hand, if the grower gets, as he may well do, a substan- 
tially increased return due either to yield or to quality, or to 
both, the increase may easily be equal to the rent of the land 
and he may make much more than this for a few years by the 
sale of some of his produce for seed. 

Now the position of the plant breeder is that unless he is 
very lucky the cost of producing a new race, which appears 
to have some definite advantage in its favour, is many 
hundreds of pounds, and if he proceeds at his own cost to 
field trials in different localities one of two things happens, 
either the race gets into other hands and he gets no return, 
or he must establish an extensive organization for both 
multiplication and control. In the latter case he runs the 
risk of having to incur these costs and may after all find that 
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his new race, which promised so well, is ‘not good enough’, in 
which case it should be ‘scrapped’, because the dissemination 
of inferior races is a disservice to agriculture. 

It is, of course, not necessary to test a great number of 
races in a great number of localities and over a long series of 
years. Fortunately there are certain racial qualities, the 
presence or absence of which can be demonstrated by the 
plant breeder himself in a few years in one or two localities 
on small areas, and which may reasonably be expected to 
hold good under a wide range of external conditions. 

The technique of experimental plot cultures has been 
greatly improved in this country and has in fact been 
revolutionized during the past few years. 

Further investigations of the factors of productivity and 
of quality, together with elaborated nursery methods, will 
surely lessen the number of new races which are considered 
worthy of being carried forward to the stage of field 
testing. 

The problem of testing the comparative yield, per unit 
area of the ground, of a number of different varieties of the 
same plant has been written up, amongst others, by Engledow 
and Yule (1926); and the question of the variation and 
correlation in yield has been investigated, and the results 
published, by Gustav A. Wiebe (1935). 

In view of the admitted inevitable heterogeneity of any 
area, large or small, in respect of supply of plant nutrients, 
there are two primary requirements for trials of new races, 
viz., (1) sufficient replications, and (2) avoidance of bias in 
favour of, or against, any one of the races tested. 

My own estimate from a survey of existing evidence is 
that to obtain a ‘ standard error ’ of less than 2 per cent, as 
an estimate of the average weight of produce on unit area 
(and less is of little value) it is desirable to have at least 
sixteen repfications, whatever ‘lay-out’ is adopted. 

Whatever may be the improved characters at which the 
plant breeder aims and hopes to obtain, the first essential in 
systematic comparisons on the field scale is that each com- 
parison shall be, as far as is possible, free from errors of 
experiment, and the next essential is that some reliable 
estimate should be made of the probable extent of errors 
that are unavoidable. 
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It will naturally occur to some readers that if cultivations 
are carried out either on the nursery scale with an extensive 
multiplication of small plots to eliminate experimental error, 
or continued on field plots, where, however, the experimental 
error is often greater, the object of the comparisons is attained 
when the grain on equal areas of each race has been weighed. 

If we can eliminate experimental error, this is the final 
test; but this business of yield testing is far more difficult and 
complex, and in practice far more erratic, than is commonly 
supposed. 

The following table shows the recorded weights of two races 
of barley grown at Woburn in 1912. The difference between 
the plots of the same race are in some cases over 40 per cent., 
and if the plots are grouped in fours the difference between 
the two races at one end of the field is 5 bushels and at the 
other end of the field 10 bushels per acre. 

Table XLI.— R.A.S.E., Woburn, 1912. Field Plots— Barley 
Comparison of two races alternated in strips of l/17th acre 


Race 

Bushels per Acre 

A 

46*3 

H 

85-8 

A 

48-3 

H 

39-4 

A 

88-8 

H 

82-6 

A 

47*8 

H 

340 

A 

34-7 

H 

30-3 

A 

40-9 

H 

41-0 

A 

45-0 

H 

37-2 

A 

52-0 

H 

44*4 


It has sometimes been tacitly assumed that if a set of 
trials of the same races are carried out at a number of stations 
on different soils the average results obtained give figures 
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which are more useful than those obtained at any one station. 
If, as rarely occurs, one race gives better results than all the 
others at a number of stations there is no doubt a probability 
that it would have given comparatively good results under 
still other sets of conditions in the same season. What 
generally happens is that the order of merit varies at different 
stations in the same season and in different seasons at the 
same station. For this reason the averaging of results 
obtained at a number of stations, whilst useful, is at best 
of limited value. For example: it is not of much use to a 
grower in Norfolk to be told that a certain race of any cereal 
grown in, say, Shropshire, or even at several other stations, 
has given comparatively high yields if the external conditions 
at all the stations are different from his own. 

If in a comparison of yield on different plots at any station 
in the same year the errors of experiment exceed the observed 
differences between the yields of the race under comparison, 
the results of that particular trial are valueless as yield trials. 
In variety trials, as hitherto carried out, the probable errors 
of the weights of grain have often been greater than the 
observed differences. Also, unfortunately, the existence of 
these probable errors has often been ignored in published 
reports. 

Experimental Errors 

Errors of experiment in variety trials are of two orders: 
1. Systematic and generally avoidable. 2. Casual, and not 
generally avoidable. 

1. To the first class belong: 

(1) Character of Seed . — ^A necessary precaution which has 
often b*ieen neglected in trials is to make sure that the parcels 
of seed of the different races under comparison are equally 
representative. Very considerable differences in yield arise 
from differences in the physical, germinative and other non- 
racial characters of the parcels of seed sown. These should 
not be neglected. 

The function of a seed is to give the individual plant a 
start. Much depends on a good start, and races should not 
be irregularly handicapped in this respect. 

The only practicable method of eliminating this probable 
source of error is to use seed of aU the races under trial which 
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has been grown and harvested the previous year under 
uniform conditions, and in case there is any substantial 
difference in moisture content it would be preferable that all the 
parcels of seed should be kiln-dried to an equal moisture content. 

A very good parcel of seed of an inferior race of a cereal 
will sometimes give a better crop than an inferior parcel of 
seed of a better race, but there is no evidence that this 
accidental quality of the seed would be transmitted to the 
next generation. 

(2) Admixtures . — ^Another systematic error arises if any sub- 
stantial admixture occurs in the seed of any race under trial. 
A very small percentage of admixture may be regarded as 
negligible. One per cent, of ‘rogues”, if of an obviously 
different race of the same species, will show quite forcibly when 
the crop is ripe, but if the ‘rogue’ plants are only 10 per cent, 
less or more prolific than the rest, the differences in yield 
due to them will only amount to one-tenth of 1 per cent., 
which is negligible. 

2. To this class belong : 

Numerous Sources of Error . — ^These include soil variations 
due to a multitude of causes extending over large or small 
areas, such as those due to previous cropping and manuring, 
soil bacteria, etc.; variations in sub-soil and in natural or 
artificial drainage; contour variations, such as slopes or 
furrows; irregular shading or uneven exposure to wind; 
patches of weeds of all sizes; inroads of insects, vermin, 
birds, etc., in patches. It is quite impossible to exclude 
these sources of casual errors and they may occur in either 
«ma.n or large patches. Their occurrence may be regarded 
as chance events and they may all be lumped together because 
there is only one way of discounting them, viz., to arrange 
and multiply the plots of each race at each station in such a 
manner as to give an approximately even chance of getting the 
same proportion of good and bad patches, and at the same 
time to keep the races to be compared as close together as 
possible in order to secure general similarity of soil conditions. 

On account of these unavoidable casual errors the yields 
of cereals cannot at present be compared with the accuracy 
obtainable in physical experiments in the laboratory. With 
the help of the statistician, however, we may make steady 
approaches in this direction. The value of reliable results 
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when they can be obtained is sufficiently great to justify the 
attempt. 

Probable Error of Yield Trials 

Every farmer knovrs that he cannot obtain a fair sample of 
the grain threshed from a stack by taking a handful out of 
one bag. Neither is it possible to find the yielding capacity 
of a parcel of seed by sowing it on any one patch of ground, 
large or small. Still less is it possible to estimate the differ- 
ence in the yielding capacity of two parcels of seed by sowing 
each of them on a single plot, even if the plots are side by 
side. To obtain sound comparisons, at any one station, it is 
necessary to average the results of a number of plots of each 
race. Having done this, if we have excluded systematic 
errors, we can calculate by an arithmetical device based on 
the laws of probability applicable to chance events the 
probable error of the average results. Obviously the probable 
error of an average is likely to be less than that of any one 
plot, and the greater the number of plots the smaller is likely 
to be the probable error of the average. 

Briefly stated, probable error is an average error computed 
in a particular manner in order to afford a measure of the 
unreliablity attaching to any average of results by reason of 
the operation of chance conditions. 

The degree of unreliabihty indicated by any probable error 
depends on the size of the probable error in proportion to the 
quantity to which it refers. For instance: if the probable 
error of a difference between two averages of, say, 5 per cent, 
is as much as 3 per cent., it is an indication that the difference 
of 5 per cent, is one that might easily be due to chance con- 
ditions. If, however, the probable error ‘of the same difference 
is only 1 per cent., it would be extremely improbable that 
such a difference (5 per cent.) arose entirely from chance 
conditions. If in comparing the produce of a series of 
‘ control ’ plots of an established race ‘ C ’ with a corresponding 
series of a new race ^ A ’ the results were : 

^’ = 100. "A’ = 105 ± 1-0 per cent, 

(where ±1-0 stands for the calculated probable error as a 
percentage of 'C’) we could be practically certain that the 
difference in favour of ‘A’ was not a chance occurrence. 
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The following may be taken as a rough standard of the 
reliability of any comparison such as we are considering: 
if an observed difference between two averages, each of a 
considerable number of cases, is more than four times the 
probable error of the difference, the difference may be regarded 
as * significant^ in the sense that it is extremely unlikely to 
have arisen from the operation of chance events. 

Since it is useless to expect a very rapid rate of advance in 
the yield of cereals from the breeding of new races, and as it 
is highly desirable that published conclusions should have a 
high degree of reliability, a ‘fine sieve’ is required through 
which to sift the results of trials. It is therefore suggested 
that a probable error of 1 per cent., or less, in weight of grain 
should be aimed at in the difference between any two races 
at any station in any one year. 

The plant breeder usually proceeds year by year somewhat 
as follows: 

1. Single plants of different races with equal soil space per 
plant . — find that with 12 sq. in, soil space per plant, with 
all the plants of the same race, and comparing adjoining 
plants, the differences run from zero up to a quite indefinite 
maximum ; the probable error of the percentage difference is 
somewhere about 80 per cent, of the average weight of two 
adjoining plants. A difference of 300 per cent, between two 
adjoining plants is therefore not conclusive evidence of any 
racial difference, but may be due to conditions external to 
the plant. The probable error is much greater even than 
this for single plants under field conditions with necessarily 
wide differences in soil space per plant. The foregoing 
illustrates the practical impossibility of selecting single plants 
.for racial productivity. Incidentally, it also shows the great 
difficulty, if not impossibility, of adapting pot-culture methods 
to estimates of productivity, except in respect of very great 
differences, 

2. Rows of twelve plants with equal soil space per plant . — 
The probable error of the difference between two averages 
of, say, 12 row weights is likely to be about 10 per cent., 
and comparisons at this stage may afford the plant breeder 
some slight, but very uncertain, indication of racial 
productivity. 

3. A chequer-board of plots — each planted with the same 
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number of seeds with equal soil space per seed. (This method 
has already been described in detail.) 

Proceeding now to systematic attempts to estimate the 
magnitude of the probable error to be expected in field trials, 
Wood and Stratton (1910) from a very large number of 
published results estimate that the probable error of single 
plots of any size over l/40th of an acre is generally about 
5 per cent, of the produce of the plot. This gives a probable 
error of 7 per cent, as that which may be expected when 
comparing any two adjacent single plots. 

This is fully confirmed by Mercer and Hall (1911), and 
in addition they give a description of the most elaborate 
experiment of which there is any record in this country with 
the object of determining the number of plots required to be 
averaged to produce a prescribed probable error. 

An acre of wheat of one race selected for apparent uni- 
formity was divided at harvest into 500 equal rectangular 
plots and the grain and straw from each plot was weighed. 
This was a great undertaking — only possible at such a station 
as Rothamsted. The mass of figures was very thoroughly 
investigated on statistical lines, not only by Mercer and Hall, 
but also by 'Student’ (1911) in an Appendix to this paper, in 
which a still more elaborate statistical method was devised, 
and shown quite clearly to lead to a further reduction in the 
probable error. 

In this experiment the actual difference in the weight of 
grain between the two half-acres on the east and west of the 
acre was 8-3 per cent. If, therefore, this acre of ground had 
been used for a trial of two races — one single half-acre on the 
east and one single half-acre on the west side — ^there would 
obviously have been an actual error of about 8-3 per cent, in 
the comparison between the two races due, not to racial 
characters, but to soil and other conditions external to the 
plant. In other words, the experiment would have been (as 
most variety trials in the past have been) a combined trial 
of soil fertility and race productivity, and it would have been 
impossible to disentangle the two. When, however, com- 
parison was made of the weights grown on the 250 pairs of 
adjacent plots, it was foimd that the probable error of the 
average difference between all adjacent plots taken in pairs 
was reduced to less than half of 1 per cent. If, therefore, 
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250 plots of each of two races had been planted in alternating 
strips of plots across the field, it may be assumed that what- 
ever was the difference in the total weight of grain of the two 
races, the probable error of this difference due to soil con- 
ditions would have been only about half of 1 per cent., and 
that if the actual difference amounted to 2 per cent., viz., 
four times the probable error, it might safely have been 
regarded as ‘significant’. 

It becomes a problem in statistical inference to estimate 
the number of comparisons necessary with plots of any 
specified area in order that the probable error under any 
fairly normal external conditions shall not exceed, say, 1 per 
cent., and also to find the best way of splitting up any 
available area into such plots. 

It was consideration of the above results, and more 
especially the contribution by ‘Student’, which suggested to 
me a method of 5 deld-testing for barley which after some 
early preliminary experiments I put into practice at War- 
minster in 1920 for field tests of two different races. It is 
known as the ‘half-drill strip’ method and is described in the 
following chapter. 



CHAPTER XXVII 


THE HALF-DRILL STRIP METHOD 

The first half-drill strip experiment for field trials of two 
different races of barley was carried out at Warminster in 
1920 and the results of the comparisons recorded. 

This method has many advantages for trials of races of 
cereals on the field scale because it dispenses with seeding 
and harvesting by hand. Moreover, each trial is a separate 
unit and can therefore be dealt with individually. It came 
into use when Rothamsted was still on the single plot system 
and it has been adopted by the Irish Department of Agri- 
culture, by the National Institute of Agricultural Botany, and 
by various experimental stations in other countries. 

In the design of trials adapted to agricultural experiments 
it is essential not only to know the mathematical theory of 
probability applicable to such experiments, but also to have 
a knowledge of the material under investigation. In fact, 
agricultural methods should be designed by the agriculturist 
who has practical knowledge of the subject. 

The half-drill strip method was designed to determine the 
comparative values of different races of barley: to minimize 
the effects of divergences external to the plant ; and to com- 
bine the advantages of growing cereals on the large scale with 
an accuracy almost equal to that obtained in small-scale 
work. It is a method which is serviceable, economical of 
area, and above all practical. It requires careful supervision 
and accuracy of work, but the gain in yield per acre should 
more than compensate for the trouble expended and for the 
extra cost of labour involved. 

Two races are compared on a total area of just over an 
acre in one year, with a standard deviation of less than 1 per 
cent. The new race under test is separately compared with 
an established standard race, or with a local race of the same 
cereal (or with both), called the ‘Contror. The new race 
and the control race are each grown in ten, twelve, or more 
alternating strips of about one-twentieth acre per strip, as 
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shovm in Fig. 88, where ‘A’ represents the new race and 
‘ C ’ the control. These races are drilled simultaneously from 
two halves of the seed-drill, so as to produce a series of long 
narrow strips running across the field in the order A/C, C/A, 
A/C, C/A, etc. The scatter of the strips is designed to avoid 
bias due to soil heterogeneity. The series ends with a half- 
drill strip of the same race, thus balancing the hnear term of 
the fertility slope. 

The seed-box of the drill is divided into two, and in the 
case of a drill with an odd number of coulters, e.g. 13 or 15, 
the centre coulter is put out of action. One compartment 
of the seed-box is filled with seed of the new race and the 
other with seed of the control race. 


Fig. 38. — Lay-out of Half-drill Strips 

Wheel-track — ' " 

C.O 

<(« 

A.0 

A.1 

»» 

C.2 

C.8 

«« 

A.4 

et seq. 

C.89 

»» >. 

A.40 

i9 III II !■■■ 

A.0 

-S «« 

C.0 


C. = control race. A. =new race. 


After each turn of the drill, two half-drill strips of the 
same race wiU be seeded alongside, and when the drill has 
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made 21 ‘turns’ there will be 10 drill-wide strips (20 half- 
drill strips) of each race and two half-drill strips, one at each 
end of the series. The produce of the two half-drill strips 
first drilled at the edge of the field is not included in the 
experiment, and therefore the weighed produce in this case 
will be that of 20 half-drill strips, or half an acre of each 
race. If the series consists of only one race and a ‘control’ 
it will be best to drill 22 strips and exclude one full drill strip 
(two half-drill strips) at each end of the series. The strips 
can be split lengthwise at harvest and each half-strip of one 
race can be compared with the half-strip of the other adjacent 
race. 

When sowing, care should be taken that the coulters of the 
drill should be at precisely equal distances apart, except the 
two on either side of the centre, where, in the case of a drill 
with an odd number of coulters, one is put out of action. It 
is necessary, therefore, to use a drill in which the distances 
apart of the coulters are adjustable. It is convenient to have 
something more than a row-space along the lines separating 
the two races, i.e. in the centre of the drill, but it is imperative 
that the over-all width of the two half-drill strips should be 
precisely equal, so that each race gets an equal area. It is 
also' very necessary that all the coulters should deliver the 
seed at equal depths. The two halves of the drill should in 
fact be alike in all respects. 

The drill should be fitted with a good steerage and the j&rst 
‘turn’ should be driven on a marked-out line. At each 
successive turn it should be so driven as to give a uniform 
space in the line of the wheel-tracks which wiU be the centre 
line of each racial strip, dividing each such strip into two 
equal half-drill strips. This space should be equal to that 
in the centre of the drill separating the two races. The 
effect will be to give each half-drill strip an equal area with 
something more than a row space in the centre of each 
racial strip, and a similar space between each racial strip: 
aU the spaces being uniform in width. This arrangement is 
necessary in order to facilitate separation of the races at 
harvest. 

The diagram on p, 278 shows that with a 13-coulter drill 
using 12 coulters 7 in. apart, and with 12-in. spaces between 
the half-drill strips, the width actually seeded, including spaces, 
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is 47 in. for each half-drill strip. The length required to 
give l/40th acre per half-drill strip is therefore in this case 
278 feet. If less or more coulters are used the length will 
be correspondingly altered. 


Wheel- 

track 


m. 


Fig. 39. — Half-drill Strip Row Spacing. 
13-Coulter Drill (12 Coulters working) 

Drill starts 


94-in. centre to centre of wheel tracks 


35 in. 
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■ 7 

in. 
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in. 
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in. 
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in. 


12 

in. 


7 

in. 


‘A’ 
35 in. 


7 

in. 


7 

in. 


7 

in. 


Wheel- 

track 


7 

in. 


in. 


* Exclude before harvest. 


The above is the length of the strips to be harvested. The 
length to be drilled should be about 9 ft. more, because it is 
not possible to start and stop the drill exactly on a hne, and 
also the ends must be ‘trimmed to a straight line across the 
strips before harvest. Obviously the precise areas seeded 
are not important provided they are equal and accurately 
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measured. The produce can then be corrected to yields per 
acre after harvesting. 

Where the shape of the field is such that strips of twice the 
above length are more convenient, half the above number of 
strips of each race may be sown. In this case the length 
should be somewhat more than doubled and a space of about 
10 feet cut out across the middle of the strips in order to 
make two sets of 10 half-drill strips of each race. The full 
length to be drilled, allowing for this space and for trimming 
the ends, will be about 580 feet in the case of a 18-coulter 
drill with' 12 coulters working. 

Where, as is frequently the case, it is found impossible to 
avoid placing the trial on land which has been differently 
cropped or manured in previous years, the strips should, if 
possible, cross the lines marking the different soil conditions 
rather than run parallel with them. If possible the longi- 
tudinal direction of the strips should be north and south, or 
as nearly so as the shape of the field admits. 

It will be noted that one acre is required for each race 
when only one control is used, and two acres for each race 
when two controls are used, because in the case of two 
control races the experiment is duplicated in every respect 
by the addition of the second control race. 

Drilling wdll be found to be much less complicated than 
would appear from the above directions. Once the drill has 
been adjusted this goes forward as rapidly as with ordinary 
drilling. It is quite possible to drill 6 or 8 acres, viz., 6 or 8 
separate racial trials, in one day if the drill is prepared for 
use beforehand and if the superintendent is familiar with 
the method and has two or three intelligent helpers, one of 
whom must be an expert drillsman. A good deal of time is 
occupied in cleaning out the drill (or half the drill where the 
same control is used for several new races), but no more than 
when single half-acre plots of each race are drilled. 

The method to be followed in cutting and in the subsequent 
operations will depend partly on the state of the crops at 
harvest time and partly on the degree of accuracy which is 
aimed at. 

A source of systematic error is introduced in all strip 
methods of comparison if there is ^interference’ of one race 
with another along the lines of separation. Interference will 
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often arise either from one race overtopping the other, or 
from ‘lodging’ across the strips; or from a more active root 
system of one race than of the other causing more vigorous 
growth of that race along each line of division. 

It will generally be necessary to make sure of eliminating 
this possible systematic error. This can be done by cutting 
out before harvest one row of each race along the lines of 
separation. This will reduce the number of rows in each 
half-drill strip and involve either an addition to the length 
of the strips, or a correction of the figures to give yield per 
acre. The method of calculating the probable error of the 
experiment will not be affected. The additional labour will 
be fairly considerable, but the work can be done some time 
before harvest and will facilitate cutting and harvesting. 

If the two races ripen so nearly together that they may be 
cut on the same day, and if there is not much ‘lodging’, the 
cutting can be done with a ‘side-delivery reaper’. If the 
difference in time of ripening is only a few days the early- 
ripening race may be left standing till the later one is ready 
for cutting, and, in the case of barley, this will generally be 
possible. If, however, the difference is so great that there 
would be any risk of ‘shattering’ of the grain of the earlier 
race, the strips must be cut by hand: also, obviously, if 
there is severe lodging hand-cutting is the only feasible plan. 
If the lodging is across the plots it may be necessary to go 
down the spaces between the half-drill widths with a stave 
and throw back on either side the produce of each strip 
in order to make a clean separation immediately before 
cutting. 

At W^arminster, even in years when the straw was very 
heavy, we have had no difficulty in cutting the barley with 
a side-delivery reaper (Fig. 40). It may be more hkely to be 
necessary to cut by hand in the case of oats than of either 
wheat or barley. In any case, whether the plots are cut by 
hand or by a reaper, it is imperative that the two races 
should be kept rigidly distinct. 

In the 1920 and 1921 experiments at Warminster the half- 
drill strips of the two races under comparison were cut with 
a side-delivery reaper — each half-drill strip separately — and 
in order to leave approximately the same amount of stubble 
on all the plots, so that the straw-weights as well as the grain- 
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weights might be comparable, the strips were cut in only one 
direction. 

It has been found in repeated experiments that the ratio 
of grain to straw is constant within very narrow limits for 
the same race when grown under the conditions described. 
It may therefore be safely assumed that the probable error of 
the total grain- weights of each race is not appreciably greater 
than that of the average total produce on a large number of 
small areas of each race. 

From the tabulation of results of a very large number of 
similar cases I have found that the probable error of the 
weight of grain is, in fact, less than that of the corresponding 
weights of grain plus straw. ' 

Results which have been obtained indicate that by the 
half-drill strip method the probable error of the difference 
between the weights of grain of the two races may be reduced 
to about one-half of 1 per cent., as against something over 
5 per cent, when single plots are compared. 

The results of the 1921 field trial at Warminster are shown 
in Tables XLII and XLIII. The weights of the sheaves on 
the individual half-drill strips are given, together with 243 
of the 270 ^plots’ which go to make up the half-drill strips 
respectively. 

The weights of the sheaves total up to (control) 
4251*3 lbs., ^A’ (new race) 4368*1 lbs., therefore if ‘C’ = 100, 
'A’ = 102*7. The total weight of the sheaves of ‘C’ and ‘A’ 
taken together on the west half-acre was 4049*7 lbs., and the 
total weight on the east half-acre was 4569*7 lbs. If, there- 
fore, two single half-acre plots had been grown on this field, 
which from superficial examination appears to be of over- 
average uniformity, the difference of the total produce 
weighed in the field between the two races would have 
appeared to be something more than 13 per cent., but we 
should have been measuring soil fertility rather than inherited 
productivity. 

^Probable Error \ — ^It will be seen from the tables and the 
appended notes that the probable error of the actual weights 
of total produce has been calculated in four different ways, 
viz., in two different ways from 27 half-drill strip weights of 
each race, and in two different ways from 243 ‘ plot ’ (double- 
sheaf) weights of each race. 



Table XLII. — ^Warminster Field Trial, 1921. Half-drill Strip 
Weights, comparing: Two races of barley, viz., ‘C’ and 
“A’. Area of each half-drill strip = 100 sq. yds. Total 
area = 2,700 sq. yds. =-56 acre for each race. Showing total 
weight of sheaves on each half-drill strip. 


Half-drill 

strip 

Weight of 
sheaves on 
half-drill 
strip 

Difference 
between 
‘A’ &‘C’ 

Half-drill 

strip 

Weight of 
sheaves on 
half-drill 
strip 

Difference 
between 
‘A’ & ‘C’ 

No. 

lbs. 

lbs. 

No. 

lbs. 

lbs. 

‘C’ 

1 

‘A’ 

2 

‘C’ 

166*4 

‘A’ 

164*6 

‘A’±‘C’ 

- 0*8 

‘C’ 

29 

‘A’ 

30 

‘C’ 

160*9 

‘A’ 

160*2 

‘A’ ±‘C’ 

- 0*7 


B 




32 

31 

163*2 

164-3 

+ 11*1 

5 

6 

169*3 

169-3 

•• 

33 

34 

144-9 

154*3 

+ 9*4 

8 

7 

179*8 

174-9 

~ 4*9 

36 

35 

147*7 

158*6 

+ 10*9 

9 

10 

172*5 

177*6 

4- 6 *1 

37 

38 

142*4 


+ 0*6 

12 

11 

170*7 

182*9 

-f-12*2 

40 

39 

138*7 

143*6 

+ 4*9 

13 

14 

173*3 

167*5 

- 5*8 

41 

42 

131*1 

143*2 

-f-12-l 

16 

15 

166*1 

178*6 

+ 12*4 

44 

43 

141*6 

146*3 

+ 3*7 

17 

18 

174*5 

170*3 




145*0 

150*1 

+ 5*1 

20 

19 

163*3 


HB 

48 

47 

155*4 

154*0 

- 1-4 

21 

22 


159*1 

- 6*9 

49 

50 

151*1 

149*3 

- 1*8 

24 

23 

161*2 

168*7 

+ 7*5 

52 

51 

146*6 

149*7 

+ 4-1 

26 

26 

169*3 

164*2 

- 6*1 

63 

64 

146*3 

158*5 

+ 12*2 

28 

27 

156*5 

167*0 

+ 10*6 


Total 

4251*3 

4368*1 


Average 
Per cent. 

167*5 

100 

161*8 

102*7 

+ 4*3 
+ 2*7 


.Note 071 Table XLII . — ^The Standard Beviations of the half-drill strip 
weights computed in the usual manner are : 

‘C’ — 12*65 lbs. per half-drill strip =8-03 per cent. 

‘A’ — 11*60 lbs. per half-drill strip =7*80 per cent. 

The Probable Error of the difference between the two averages (viz., 157*5 lbs. 
and 161*8 lbs.) is ±2*2 lbs. and the probable error of the differences betw^n 















Table XLIII. — Showing Weights of each ‘Plot’ (two consecutive 
sheaves), 9 plots (=18 sheaves) on each half-drill strip. 
Total number of plots on 27 half-drill strips = 27 by 9 = 243 
plots of each race (excluding end sheaves which are left out 
of account in this case in computing ‘probable error’). 


Nos. of 
half-drill 
strips 
‘C’ ‘A’ 

‘Plot’ weights 

2 sheaves 
lbs. 

‘C’ ‘A’ 

‘A’±‘C’ 

lbs. 

Nos. of 
half-drill 
strips 

A’ ‘C’ 

‘Plot’ weights 

2 sheaves 
lbs. 

‘A’ ‘C’ 

‘A’ ±‘C’ 
lbs. 

1 2 

17-0 

17*6 

+ 0*6 

3 4 

17*4 

16-3 

+ 11 

* 

15*8 

16*9 

+ 1-1 


16*6 

16*0 

+ 0*6 


14*2 

15*0 

+ 0*8 


16*5 

16-1 

+ 0*4 


14*2 

13*8 

- 0*4 


15*4 

13*2 

+ 2*2 


16*2 

15*8 

- 0*4 


15*6 • 

13*7 

-t- 1*9 


17*3 

17*0 

- 0*3 


18*9 

16*7 

+ 2*2 


18*0 

17*1 

- 0*9 


18*6 

15*6 

-H 3*0 


17*8 

17 2 

- 0-6 


17*8 

16*9 

+ 0*9 


I 16*6 

17*8 

+ 1*2 


18-6 

17*3 

+ 1*3 


147*1 

148*2 



155*4 

141*8 



18*3* 

16*4* 



18-0* 

17*7* 



165*4 

164*6 

- 0*8 


173*4 

159*5 

+ 13*9 

5 6 

16*4 

16*2 

- 0*2 

7 8 

18*1 

17*9 

+ 0*2 


17*7 

16*8 

- 0*9 


16*8 

17*1 

- 0*3 


13*0 

14*8 

+ 1*8 


14*8 

15*3 

- 0*5 


14*5 

14*4 

- 0*1 


16*0 

15*9 

+ 0*1 


15*2 

15*8 

+ 0*6 


16*3 

16*6 

- 0*3 


17*7 

17*3 

- 0*4 


17*0 

18*3 

- 1*3 


18*7 

17*9 

- 0*8 


18*5 

19*7 

- 1*2 


17*7 

16*5 

- 1*2 


17*9 

18*6 

- 0*7 


19*1 

18*9 

- 0*2 


19*3 

19*7 

- 0*4 


150*0 

148*6 



154*7 

159*1 



19*3* 

20*7* 



20*2* 

20*7* 



169*3 

169*3 



174-9 

179*8 

- 4*9 

9 10 

17*6 

16*7 

- 0*9 

11 12 

18*0 

16*1 

+ 1-9 


17*2 

16*9 

- 0*3 


16*1 

15*6 

+ 0-5 


16*0 

15*8 

- 0*2 


15*9 

14*2 

+ 1*7 


17*0 

15*9 

_ i-i 


16*9 

15*6 

+ 1*3 


17*3 

17*4 

+ 0*1 


18*1 

16*5 

+ 1*6 


160 

17*2 

+ 1*2 


17*6 

15*7 

+ 1*9 


201 

19*0 

- 1*1 


19*4 

18*5 

+ 0*9 


18*6 

18*5 

- 0*1 


18*2 

17-9 

+ 0*3 


20*5 

19*0 

- 1*5 


19*2 

19*9 

- 0*7 


160*3 

156-4 



159*4 

150*0 



12*2* 

21-2* 



23*5* 

■ 20*7* 



172*5 

177*6 

+ 5*1 


182*9 

170*7 

+ 12*2 


the ‘total produce’ weights of ‘ C’ and ‘A’ is (2*2 x ^2) lbs.) = ±1-41 per cent, 
of the total weight of ‘C’. Therefore; If ‘C’ =100, ‘A’ =102*7 ±1*41. 

By ‘Student’s’ method, the Standard Deviation of the differences between 
adjoining half-driQ strip weights is 6*7 lbs. per half-drill strip =4*25 f3er cent. 

The Probable Error of the average difference (viz., -i- 4*3 lbs.) between 
adjoining half-drill strips is ± *87 lb., and the probable error of the difference 
between the ‘total produce* weights of ‘C* and ‘A’ is -i-*55 per cent, of the 
total weight of ‘C*. Therefore: If *C’ =100, ‘A* =102*7 ±*55. 
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Table XLIII — continued 


Nos. of 
half-drill 
strips 
‘C’ ^A’ 

‘Plot’ weights 

2 sheaves 
lbs. 

‘C’ ‘A’ 

‘A’±‘C’ 

lbs. 

Nos. of 
half-driU 
strips 
‘A’ ‘C’ 

‘Plot’ weights 

2 sheaves 
lbs. 

‘A’ ‘C’ 

‘A’ ±‘C’ 
lbs. 

45 46 

11-6 

13-2 

+ 1-6 

47 48 

11-8 

12-9 


1-1 


11*7 

12-5 

-f- 0-8 


13-0 

13-4 

- 

0-4 


10*7 

12-2 

+ 1-5 


13-9 

13-9 




13-9 

14*5 

+ o-c 


16-7 

14-9 

+ 

1-8 


15*8 

15-6 

- 0-2 


15-6 

16-3 

- 

0-7 


14-8 

16-2 

+ 1-4 


16-4 

17-0 

- 

0-6 


16-8 

16-1 

- 0-7 


15-6 

17-0 

- 

1-4 


17-4 

16-0 

- 1-4 


17-6 

15-7 

+ 

1-9 


16-8 

16-2 

- 0-6 


16-3 

17-1 

- 

0-8 


129-5 

132-5 



136-9 

138-2 




15-5* 

17-6* 



17-1* 

17-2* 




145-0 

150-1 

+ 5-1 


154-0 

155-4 

- 

1-4 

49 50 

13-6 

13-8 


51 52 

14-2 

13-5 

’ + 



12-5 

13-0 



12-8 

11-5 

+ 

1-3 


13-G 

13-8 



14-3 

13-7 

+ 



14-5 

13-0 



13-5 

14-2 

— 

0-7 


15-3 

18-9 

- 1-4 


14-3 

14-1 

+ 



15-9 

15-6 

- 0-3 


15-3 

14-1 


1-2 


16-6 

15-6 

- 1-0 


14-5 

16-0 


1-5 


16-8 

17-1 

+ 0-3 


16-7 

15-7 

+ 

1-0 


16-4 

16-0 

- 0-4 


16-4 

15-6 

+ 



135-2 

131-8 



132-0 

128-4 




15-9* 

17-3* 



17-7* 

17-2* 




151-1 

149-3 

- 1-8 


149-7 

145-6 

+ 

4-1 

53 54 

13-8 

13-1 

- 0-7 







12-3 

12-2 

- 0-1 

Average 






11-8 

14-8 

+ 3-0 

weight 


‘ A » 

6 A 9 



13-9 

13-6 

- 0-3 

1 per ‘plot’ 


A 

A 

± c 


16-2 

15*6 

- 0-6 

(end 






151 

16-5 

1-4 

sheaves 






15-5 

16-0 

+ 0-5 

excluded) 

15-56 

15-88 

+ 

0-32 


15-4 

19-0 

+ 3-6 







17-2 

16-5 

- 0-7 

per cent. 

100-0 

102-1 

+ 

2-10 


131-2 

137-3 








15-1* 

21-2* 








146-3 

158-5 

+ 12-2 







* These figures represent weights of the first and last sheaves on each 
hatf-drill strip added together, and are excluded in calculating the average 
weights and also in calculating the ‘probable error’. 
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The Half-drill Strip Method 

The two different ways are : 

{a) The probable error of the average of the "‘C’ strips 
(or plots) is calculated, and also the probable error of the 
average of the ‘A’ strips (or plots), and from these figures 
the probable error of the difference of these two averages is 
obtained. This is the usual way of calculating the difference 
of two averages. 

(6) The difference in the weights of pairs of adjoining 
strips (or plots), i.e., compared in the order of 

C, A; A, C; C, A; A, C; et seq.^ is set down and the probable 
error of the average difference is calculated. This is the 
method suggested by ‘Student’ in the paper by Hall and 
Mercer (1911) already referred to. • 

It will be observed that by this method an ‘A’ plot is 
compared alternately with a ‘C’ plot on the right and on 
the left. The effect of this is to discount any ‘ fertility slope ’ 
of the field. 

The following are the probable errors so obtained : 

1. From half-drill strip weights — 

(а) Usual method ±1-41 per cent. 

(б) ‘Student’s’ method ±0*55 per cent. 

2. From ‘plot’ (double-sheaf) weights — 

(a) Usual method ±0*81 per cent. 

(b) ‘Student’s’ method ±0*37 per cent. 

The well-marked reduction of the probable error by 
‘Student’s’ method is largely due to the fact that in this 
particular field the fertility declines, although not uniformly, 
from east to west. 


Note on Table XLIll, — The Standard Deviations of the above ‘plot’ (double 
sheaf) weights computed in the usual manner are : 

‘C’ — 2-08 lbs. per plot =18*1 per cent. 

‘A’ — 2-09 lbs. per plot =13-4 „ 

The probable error of the difference between the two average plot weights 
(viz., 15*56 lbs. and 15*88 lbs.) is *126 lb. and the probable error of the difference 
between the ‘total produce’ weights of ‘C’ and ‘A’ is *81 per cent of the total 
weight of ‘C’. Therefore: If ‘C’ =100, ‘A’ =102*1 ±*81. 

By ‘ Student’s’ method, the standard deviations of the differences in adjoining 
‘plot’ weights is 1*85 lbs. per plot =8*6 per cent. 

The probable error of the average difference between adjoining plots (viz., 
*32 lb.) is *0575 lb., and the probable error of the difference between the 
‘total produce’ weights of ‘C’ and ‘A’ is *37 per cent of the total weight 
of ‘C’. Therefore: If ‘C’ =100, ‘A’ =102*1 ± 37. 
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At another station where the divergencies were more 
irregular in character there might be less difference in the 
probable errors obtained by the two methods. It appears, 
however, to be clear that the second method gives the 
probable error more correctly and it is no more difficult to 
calculate. 

It might perhaps be concluded that a sufficiently near 
estimate of the probable error is obtained from weighing 
the total produce of, say, 10 or 12 strips of each race. 
Although this might be so with fields as uniform as in this 
case-, it would not be so -vsdth less uniform fields, and, more- 
over, there is very little extra labour involved in splitting 
the drill-widths first longitudinally into half-drill strips, and 
then into plots if the latter operation can be performed by 
using either a side-delivery reaper or a binder suitably 
adjusted, and then weighing the sheaves. If, however, the 
strips have to be cut by hand, and time or supervision is 
too limited to permit of splitting the strips into plots, the 
sheaf-weights of the half-drill strips are better than nothing. 

In any case, when results are published the method by 
which the strips were cut and the probable error calculated 
should be stated. 

Weights of Threshed Grain and Straw in 1921. — ^The produce 
of the ‘C’ and ‘A’ ‘half-drill strips’ in 1921 was separately 
harvested one week after the above weighings were made 
and threshed immediately. The following figures show that 
there was in the meantime a loss of weight of about 4 per cent, 
in the case of ‘C’ and about 5 per cent, in the case of ‘A’. 
From moisture determinations on samples of grain and straw 
taken (1) at time of field weighing, and (2) at time of threshing, 
it appeared that this was due to the grain having lost about 
2 per cent, and the straw about 6-5 per cent, of water. It 
may be noted that in some seasons the drying of the crop in 
the field would give a much greater difference than this — 
depending of course on the weather. 
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‘C’ 

lbs. 

‘A’ 

lbs. 

Grain 
per cent, 
of total 
produce 

Grain as threshed — 

containing 13-8 per cent, water . 

>5 13-8 ,, ,, 

Straw, etc., as threshed — 

containing 17-4 per cent, water . 

,, 16*9 ,, ,, 

1,820 

2,269 

1,871 

(100 : 102-8) 

2,287 

(100 : 100-8) 

44*5 

44*9 

Total Produce as threshed 

loss of weight — 

‘C’ 3*8 per cent.l 
‘A’ 4*8 » / ‘ 

4,089 

162*3 

4,158 * 

(100 : 101*7) 

210*1 


Field Weights from Table XLII 

4,251*3 

4,368*1 
(100 : 102*7) 



Dry Weights. — ^The dry weights of grain, straw and total 
produce calculated from the above figures are : 



*56 acre *56 acre 

‘C’ ‘A’ 

lbs. lbs. 

Grain 
per cent, 
of total 
produce 

Grain 

1,565 

45*4 

>5 • 

1,613 

45*9 


(100 : 103*0) 


Straw 

1,877 


,, 

1,901 



(100 : 101*3) 


Total 

3,442 3,514 



(100 : 102*1) 



From the above it appears to be certain that the probable 
error of the difference in the grain weights is less than ±-5 
per cent, and that the difference of 3-0 per cent, (equal to 

* In terms of ‘yield per acre’ of raw produce: 

‘C’ (lbs.) ‘A’ (lbs.) 

Grain . 3,249 =58-0 bush, (of 56 lbs.) 3,339 =59-6 bush, (of 56 lbs.) 
Straw . 4,050 =36*2 cwts. 4,085 =36*4 cwts. 


7,299 


7,424 
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about 1-| bush, per acre) in favour of the weight of grain on 
is a significant difference, not due to chance conditions. 
A similar difference between two single half-acres would have 
been devoid of any significance. 

It was discovered that there was a systematic error in this 
particular (1921) experiment due to an alternating systematic 
difference in the spaces separating the two adjoining strips 
of the same race. This was apparently caused by one horse 
in the drill pulling harder than the other, with the effect that 
when the drill was travelling from north to south the spaces 
between the two half-drill widths of the same race were 
slightly wider than when the drill travelled in the opposite 
direction. The result was to give to the strips of one race 
a slightly larger area than to the other.^ 

In 1923, * when Gosset ('Student’) was present at the 
harvesting of the crop, he pointed out that since the sheaf- 
weights may be positively correlated, the method of weighing 
the sheaves would be likely to give a fallaciously small value, 
and since that time the whole length of the strip has been 
taken as the unit in the calculation. Also, to avoid any 
further source of error we adopted a 16-coulter drill, dis- 
carding two rows on each side of the wheel-tracks, to avoid 
any possibility of inaccuracy due to uneven spacing; and 
four rows, viz., 7-8/9T0 and 10*9/8*7, to avoid 'interference’ 
of one race with another in an adjoining strip. Spaces 
of nine inches were left between rows 2/3, 6/7, 10/11 
and 14/15 to facilitate harvesting the crop with a horse- 
drawn reaping machine, cutting each four rows separately. 
Ten complete strokes of the drill, each about 100 yards long, 
are drilled and at harvest the ends are discarded. Fig. 41 
shows the arrangement adopted. 

It still obviously remains necessary to make sure that the 
coulters of the drill are so set as to give precisely equal areas 
to each race, or, failing that, to measure accurately the widths 
of the strips after harvest. It is a fairly easy matter to 
measure the total width from the outside drill of one half- 
drill strip to the outside drill of the same race. This measure- 
ment includes the space between the drill strips, which is 

1 Measurements which were made on the stubble of the 1923 experiment 
showed that not only did such inaccuracies occur, but also that they can 
favour one or other of the races. 
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The Half-drill Strip Method 

variable owing to the difficulty of steering, and is now made 
in practice across each drill strip in several places. It is 
thus possible to estimate with accuracy the total area occupied 
by each race and to make the necessary correction to the 
total yields. 

In 1938 there were three half-drill strip experiments of 
four races: 35/51S. against 54/12; Plumage-Archer 1935 
against 54/12/3; arranged in the form abba cddc abba, etc,; 
and finally, 54/12 against 54/13. Fig. 42 shows discards of 
2 rows for each race; Fig. 43 shows lines of sheaves trans- 
versely to line of strips, and Fig. 44 shows lines of sheaves 
diagonally to line of strips. 

In 1939 there were similar experiments, but discards were 
reduced to one row instead of two rows, so there were 6 drills 
per half-strip harvested and weighed instead of 4 drills. 
This ensured a saving of space — ^three-fourths (12/16ths) of 
the entire area being utilized instead of one-half. There 
were 16 half-drill strips of each race 264 feet long: the area 
of each race harvested being approximately -314 acre. 

The Half -drill Strip Method and ^Artificial Randomization^ 

The half-drill strip method, which is a balanced arrange- 
ment, has of late years been adversely criticized by some 
who prefer ‘artificial randomization’, and in a paper read 
to the Agricultural and Industrial Section of the Royal 
Statistical Society (1936) Student’ made the following 
comment : 

‘It has been said that from an experiment conducted by 
this method no valid conclusion can be drawn, but even if 
this were so it would not affect a series of such experiments. 
Each is independent of all the others and it is not necessary 
to randomize a series which is already random, for as Lincoln 
said — “You can’t unscramble an egg.” Hence, since the 
tendency of deliberate randomizing is to increase the error, 
a balanced arrangement like the half-drill strip is best if 
otherwise convenient.’ 

In the same year there appeared in the Annals of Eugenics 
a paper entitled ‘ A Test of the Supposed Precision of 
Systematic Arrangements’ by Barbacki and Fisher (1936), 
written with the intention of testing the differences of 
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opinion between the authors and ‘Student’ (as set out in the 
above paper). 

Barbacki and Fisher in order to accomplish their purpose 
assigned the crop on a uniformly treated field to two imagined 
treatments, A and B, on a systematic plan, in which 8 strips 
of the width of a half-drill were allotted to A and 8 to B, in 
the usual arrangement of an eight-comparison half-drill strip 
experiment. 

[I would remark, by the way, that there should be at least 
ten comparisons, and in my original (1921) experiment there 
were twenty-six.] 

The paper was critically dealt with by ‘Student’ in a 
letter to Nature (1936), in which he says inter alia: 

‘ The authors, for the purpose of ascertaining the degree of 
precision which is obtainable from the systematic arrange- 
ment in question, have taken the weights of grain, not from 
the total area of the 16 strips, but from 12 sections of each 
strip, and have treated these 192 sections as if they were 
independent half-drill strips — ^in fact they have called them 
half-drill strips — and from the 96 comparisons they have 
calculated a standard error to represent the precision which 
they suppose an advocate of systematic arrangements would 
attribute to the method. But, of course, the sections of a 
half-drill strip are not in fact independent, and in this case 
are markedly correlated, so that the figure which they obtain 
is much too small to account for the observed difference 
between the A’s and the B’s — ^and they draw conclusions 
adverse to the systematic arrangement and not to their own 
method of calculation.’ 

‘Student’ concludes his letter thus: ‘Their paper has no 
bearing whatever on the error of present-day half-drill strip 
experiments. ’ 

Later, in a posthumously published paper (which appeared 
in Biometrika (1938)) entitled ‘Comparison between Balanced 
and Random Arrangements of Field Plots’, ‘Student’ sets 
out his arguments very fully, with data to illustrate his 
points. He shows that the conclusions arrived at by Professor 
Fisher all follow from the fact that, firstly, he has calculated 
the error of the systematic (balanced) arrangements by a 
method originally adopted at Warminster, but not put into 
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use after 1923; and, secondly, that he has not compared like 
with like. 

Finally, to emphasize what I have already indicated with 
reference to balanced arrangements for the conduct of field 
trials of cereals, all that is needed in my opinion is absence 
of bias, with plentiful replications. The greater the number 
of replications at all sorts of times and places the less chance 
there is of bias. It is admitted that it is difficult in field 
trials of races to avoid bias completely, whatever the lay-out 
adopted may be. The important thing is to secure such a 
method and to get sufficient independent examples to reduce 
the probable error, the extent of which will always depend 
on the numbers involved. 

The experimental error obtained by the half-drill strip 
method is as low as can be obtained by any existing 
method, provided the same degree of intelligence is used 
as is requisite for other experimental work, and any 
method which reduces the error df experiment is worthy 
of notice. 

If the error of experiment is not reduced below a certain 
point, either by replication or by intelligent lay-out, then the 
conclusions cannot be valid and the whole experiment is 
useless . 

I would stress the point that the object of all agricultural 
plot experiments is to discover or establish some difference 
in treatment, or (as in variety tests) some difference in plant 
response to soil conditions, which may add to the value of 
the crop. Many of the ‘randomized’ plot arrangements 
appear to be designed mainly to illustrate statistical theory 
and certainly only a trifling number of them so far have 
demonstrated any fact of value to the farmer. 

I am quite aware of the limitations of the half- drill strip 
method and would welcome any method which would be 
serviceable to our agricultural friends and at the same time 
reduce the extent of time required to select new races, which 
is at present about ten years. At the same time I think it 
may be admitted that the half-drill strip method has been 
of exceptional economic value to farmers. The greatest 
advantage of this method lies in the fact that it is comparable 
with ordinary farming practice, and that the use of drills, 
reaping machines, horses or tractors is fairly simple, whereas 
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with some other designs, e.g., Latin Squares, the use of these 
presents difficulties. 

In the field, grain seeds are sowyi with very irregular spacing, 
and different races vary both in tillering power to fill up empty 
spaces and also in their reaction to overcrowding, and unless the 
Latin Square method can be used with irregular spacing, however 
conclusive the results are in themselves, they cannot possibly he 
applied to general agriculture without definite proof that spacing 
at regular intervals with cereals gives the same comparable results 
as with irregular. Svich a proof appears never to have been made, 
despite the obvious necessity for it, as on theoretical grounds the 
probability is strongly against it. 




Fig. 44, — Half-drill strips viewed diagonally. 
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CHAPTER XXVIII 


SELECTED TWO-ROWED HYBRID RACES OF 
BARLEY RAISED AT WARMINSTER 

The progeny of sixty-eight hybrids have been under obser- 
vation from 1905 to 1938. A small number of these failed 
at time of crossing. Sixty cross-fertilization cultures were 
carried on to the F.3 generation, and a number of them for 
many more years. The entire produce of fifty-six of these 
was ‘scrapped’ at various stages as being of no particular 
value. 

The following are some of the crosses from which selections 
were made (or are in process of being made) : 

Year of 

Cross 

xl4. 1905. Beaven’s ‘Plumage’ (843) xBeaven’s ‘English 
Archer’ (4). 

The progeny of a selected F.2 plant (145) of this 
cross was distributed as ‘ Plumage- Archer 1914’ in 
that year. 

From the progeny of a number of single plants of 
‘145’, ‘145/46’ was selected and distributed as ‘Plumage- 
Archer 1924’ in that year. 

x35. 1923. Plumage- Archer 25/1 xSpratt- Archer 37/6. 

The progeny of a number of F.2 plants with ears of 
type var. nutans was carried on to the F.3 generation 
and distributed as ‘ Gk)lden- Archer ’ in 1932. This was 
a mass selection. 

The progeny of a selected plant (35/7) with ears of 
type var. erectum of above cross was distributed in 1935 
as ‘Plumage-Archer 1935’. 

‘35/51S. is the progeny of a single plant selected from 
the progeny of one F.2 plant (35/51). It was distributed 
in 1988 as a new selected ‘Golden-Archer’. 
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Year of 
Cross 

X 54. 1931. Plumage -Archer 19'24 x Spratt-Archer 37, No. 3. 
Each culture of x 54 is the progeny of one F.3 plant 
of above cross. 

'54/12/3’ is the progeny of a single F.3 plant of above 
cross. 

X 68, 1938. Plumage-Archer 1935 x Spratt-Archer 37, No. 3. 


History and Description of Two-rowed Hybrid 
Races raised at Warminster 

PLUMAGE-ARCHER (145) 

This is a 'selected hybrid’ race, resulting from the cross- 
fertilization of the two former 'pure races’ Plumage (343) 
and English Archer (4). 


History 

xl4 

1905. F.O. Plumage (343) x Archer (4). 

1906. F.l. Five grains from the above cross were planted, 
producing 5 plaints bearing 24 ears, narrow, with medium 
neck. 

1907. F.2. Twelve grains (one row) were planted from 
each of the above 24 ears. 218 plants matured, all 
'sphtting’. The ears from each of these plants were 
separately harvested and determinations made on width 
of ears, length of necks, number of ears per plant, 
nitrogen in average grain of each plant (i.e. in equal 
number of grains from centre of each ear),* weight per 
1,000 corns [of those grains on which nitrogen had been 
determined]. 

1908. F.3. 218 rows of 12 plants each were seeded — each 

from one ear of the above 218 plants. In August the 
produce of 2,168 plants was separately harvested. 
Width of ear and length of neck were noted for each 
plant and the material submitted to laboratory examina- 
tion with a view to selection for 1909 planting. (Owing 
to excessive soil space for multiplication all the 1908 
produce had very high nitrogen content.) In the same 
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year (1908) from the produce of the 218 plants of the 
1907 (F.2) plots, 78 selected and apparently homozygous 
individuals were nursery-grown for multiplication with 
1 sq. ft. soil space per plant. At harvest, not all appeared 
to be homozygous in structural characters, but 21 
homozygous plants were selected for low average 
nitrogen content and high yield. 

xl4 

1909. F.4. One row was planted from one selected ear of 
each plant grown in 1908. The 21 homozygotes were 
tested on the nursery-yield estimation system for yield 
and quality, and field plots of the same were grown for 
multiplication. 

After keeping th^ progeny of each generation distinct, 
we had in this year over 2,000 'single plant cultures’. 
Many of these were, as in all similar cases, inconstant 
forms. The produce was sent to the School of Agri- 
culture, Cambridge, with the exception of certain 
selected F.4’s kept for multiplication. 

1910. F.5. The whole of the progeny resulting from this 
cross was weighed up at Cambridge by my assistant, 
Mr. Wickham, under the supervision of Professor T. B. 
Wood and Mr. A. R. Bruce. For each plant the number 
of ears and the weight of straw and ears were recorded, 
from which factors the migration coefficient for each 
plant was calculated. After rejecting the cultures which 
were visibly heterogeneous in some character of the 
plant, the nitrogen content on half the grains of a large 
number of individual plants was determined. 

In the same year chequer-board and field cultures 
were conducted at Warminster. 

1911/13. F. 6/7/8. Chequer-board and field cultures at 

Warminster. From the chequer-board cultures of 1911 
and 1912 eight races were selected, each the progeny of 
a single F.2 plant, and the one which gave the best 
result in 1913 (after three years of cultivation on the 
field scale) was selected, viz., '145’, as possessing good 
combinations of the desired characters of the two 
parent forms and became the parent culture of the 
Plumage-Archer stock. 
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The experimental cultures at Warminster, together with the 
results of the field crops of 1913 at Cambridge and Norfolk, 
showed that ‘145’ gave an unusually high ratio of grain to 
straw (M) : in some cases the yield of grain was 10 per cent, 
higher than that of other races with which it was compared and 
which gave the same weight of grain and straw taken together, 
xl4 

1914. F.9. Distributed by the British Seed Corn Trade 

Association as ‘Plumage-Archer 1914’. 

It is interesting to note that from the cultures of 
this cross, one which appeared to be the worst was 
selected, viz., ^135/6’, and has been included in the 
chequer-board cultures at Warminster for purposes of 
comparison amongst the eight races planted in each 
successive year up to and including 1926. It is the 
progeny of the 6th out of 12 plants of No. 135 of the 
F,2 generation. It consistently gave the lowest yield 
and lowest ratio of grain to straw of any of the Plumage- 
Archer races raised at Warminster. It serves to illus- 
trate the widely different character of progeny obtained 
by cross-fertilization of the same two plants. Its low- 
yielding character is probably due to feeble straw and 
consequent deficient ‘migration’. 

Description 

The straw is erect, probably more so than that of any race 
in general cultivation up to the time of its distribution. In 
this respect it appeared to be a distinct improvement on both 
the parent races. The neck is short, like that of Archer, and 
not liable to ‘kink’. The shape of the ear is wide like 
Plumage, but less brittle. The grain resembles that of 
Archer, but is superior in colour and size and also in respect 
of malting quality. 

The length of the leaf-sheath from node to ligule is about the 
same (9 to 10 inches) in Archer, Plumage, and all the xl 4 ’ 5 . 
I think, however, this varies greatly with the season and conditions 
generally. This sheath acts as a protective envelope to the stem and 
prevents bending and breaking, which always takes place either at 
the node or above the top of the leaf-sheath {ligule). 

The yield, judged from a large number of experiments 
made in 1911, 1912 and 1913, was better than that of Plumage 
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and about equal to that of English Archer on good soils. 
There is a slight variation in length of straw (such as 
frequently occurs in hybrid races), but this in itself is not a 
serious defect and is associated with some difference in the 
size and quality of the grain of individual plants. 

This race is specially suitable for soils in high condition, 
where good standing is essential to high yields and economical 
harvesting. 


'plumage-archer 1924" (145/46/55) 

This is an 'extracted pure line" — ^the progeny of a 'selected 
single plant" of ' Plumage- Archer 1914’ (145). It was 
selected both for good yield and good quality after exhaustive 
comparative trials between 1914 and 1924. 


History 

X 14/145 

1910. A number of single plants of x 14/145 were selected 
from a field plot. 

1911. From the progeny of these plants a chequer-board 
yield experiment was carried out with '145’ as control. 

1912. 46 plants of '145" were selected for stiff straw, short 
necks and high ratio of grain to straw (M). The families 
grown up from these plants were separately harvested 
and the migration factor for each determined. In all 
the characters significant differences were observed. 
Several of these sub-races were selected and the rest 
discarded. 

1918. '145/46" was finally selected as being the most 

uniform in appearance of all the sub-races of '145’ then 
growing in the nursery. It was then re-selected, this 
time for a character found to be systematically variable 
within the sub-race, viz., ratio of grain to straw. 

1914. Chequer-board yield experiments were made. In 
No. 1 experiment 145/46 was tested against S.145. In 
No. 2 experiment it was tested against 145/13/10 and 
145/15. There were six rows each of two single plants 
of 145/46. In the field plots 145/46 was alternated with 
145/15. 
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1915. Chequer-board yield experiment of 145/46 and 

145/46/55. "55’ was one of a number of plants selected 

from single plants of "145/46’ for short necks and high 
migration. 

1916. No chequer-board yield experiment. 145/46/55 was 
alternated in south side plots in the nursery with 145/46 
— 20 rows each. 

1917. No chequer-board yield experiment. Nine rows of 
145/46/55 were alternated with 145/46, dibbled across 
the cage. At harvest the produce of 145/46/55 was 
found to be higher than that pf 145/46. The weights 
respectively were 4 lbs. 2| oz., and 4 lbs. o oz. 

1918. The family of the plant numbered "145/46/55’ was 
finally selected as the best and was multiphed in 
successive years. No chequer-board or field trials. 
"145/46/55’ was drilled across the cage with "S.145’ as 
control. 

N.jB. — T he war of 1914—18 interfered with the further 
selection of this sub-race, but when systematic work 
was resumed in 1919 the stock was submitted to field 
trials. 

1919. Three chequer-board yield experiments were made; 
also field experiments with hand-drill. 

1920/23. Chequer-board yield experiments. " 145/46/55 ’ was 
tested against the original Plumage-Archer parent stock 
by the half-drill strip method and in each of these years 
proved to be superior both in yield and quality of the 
grain. In three years out of four it gave higher yield 
than " Plumage-Archer 1914’. 

1924. Distributed as "Plumage-Archer 1924’. 

N.B , — This race was tested for several years at the 
N.I.A.B. stations before distribution. Over a series of 
these trials it was found to be more uniform in character 
and of better malting quality than " Plumage-Archer 
1914’. 

After its distribution it was very thoroughly tried out 
against Spratt-Archer between 1930 and 1932 at all six 
N.I.A.B. stations. The results are given in Journal 
N.I.A.B,, vol. 3, No. 4, 1934. They showed quite 
conclusively that it was inferior in yield and no better 
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in quality than Spratt-Archer, and I came to the con- 
clusion that perhaps ‘single plant selection’ had been 
carried too far and that the race was too homozygous, 
in other words ‘too well bred’. 

Description 

This is a wide-eared race. As a growing crop, except that 
it is more even in height, it is almost indistinguishable from 
‘Plumage-Archer 1914’ and probably best suited to the same 
type of soil. It is more uniform than ‘145’ and has a higher 
migration coefficient, for which character it was selected after 
a more exhaustive method than had hitherto been adopted. 

GOLDEN ARCHER (35/f.) 

This is a hybrid resulting from crossing Spratt- Archer 37/6 
with Plumage-Archer 25/1. It is not the progeny of a single 
plant, but a mass selection — ^the progeny of a number of F.2 
plants carried on to the F.3 generation. The ears are of the 
type var. nutans. 

It was raised and multiplied with the view of obtaining a 
race more nearly resembUng the old Chevalier than any of 
the barleys at that time in cultivation and was specially 
selected for combined malting quality and vegetative vigour. 


History 

x35 

1923. F.O. Spratt - Archer 37/6 (n) x Plumage.- Archer 
25/1 (w). 3 grains planted. 

S.A, 37/6 is a hybrid selected from the progeny of a cross 
made in 1908 between (1) a selected plant of Irish Archer I and 
(2) a selected plant of Spratt barley by Dr. Hunter, of the Plant 
Breeding Institute, Cambridge, arid late of the Irish Department 
of Agriculture. The first distribution of this hybrid race was 
made in 1921 in Ireland, and in 1922 in this country. 

P.A. 25/1 is a wide-eared selection from a 1916 cross of 
‘ Plumage- Archer 1924’ (145/46/55) with Biffen^s ‘59/7’ {the 
best of the Plant Breeding Institute's [Cambridge] narrow-eared 
cultures at that period). 

1924* F.l. 3 plants — 35 ears — ^all narrow (S.A. type). 
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x35 

1925. F.2. 35 ears sown in 35 rows produced 340 plants 

(showing no Mendelian ratios). The best ear from the 
best plant of each row was selected for nursery cultiva- 
tion; the remainder were separated into four groups, 
viz., Chevalier, Archer, Intermediate, and Plumage- 
Archer types. 

1926. F.3. 60 single plant F.2 cultures were grown in the 

nursery (of which 40 were of Archer type). One drill 
of each of the above four types was sown in the field 
and from the Chevalier type a further selection was 
made. The result was lbs. seed, which when grown 
on resulted in ‘35/F.’ 

1927. F.4. Cage selection from F.S’s; from these plots 

were extracted 35/51 and 35/7. 35/F. was tried against 

Spratt-Archer and Plumage-Archer in a chequer-board 
plot (20 plots each). 

1928. F.5. Half-drill strip yield trial comparing ‘35/F.’ 
with ‘ Plumage- Archer 1924 \ Chequer-board trial and 
multiplication plots. 

1929/30/81. F.6, 7, 8. Chequer-board trials at Warminster 
and large field-scale trials at Saxlingham, Norfolk; also 
trials at N.I.A.B. stations. 

1982. F.9. 35/F. was distributed from produce of above 

Norfolk trials imder the name of ‘Golden- Archer’. 


Description 

This is a narrow-eared race. It possesses some of the good 
qualities of each of its parents. The ears are of the Spratt- 
Archer type, but slightly more variable. Mass selected races 
cannot necessarily be as uniform in minor characters as single 
plant progenies, but they are perhaps more prolific. As with 
all hybrid races the individual plants vary slightly in character, 
but the extra vigour of the plants more than compensates for 
the inevitable slight variability. The grain resembles Spratt- 
Archer in colour and general appearance. It ripens at 
Warminster a few days earlier than Spratt-Archer and about 
the same time as Plumage-Archer. 
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ANALYSES OF GRAIN 



Races 

Nitrogen 
per cent. 

1,000 corn 
weight 



grammes 

1927. Chequer-board . 

S.A. 37/6 

1-77 

33-8 

P.A. 1924 

1-50 

30-7 


35/F. 

1-59 

32-8 

1928. Chequer-board No. 1 . 

S.A. 37/6 

1-59 

42-4 

35/F. 

1-39 

40-9 

Chequer-board No. 2 . 

P.A. 1924 

1-35 

45-4 

35/51 

1-43 

48-0 

1929. Chequer-board No. 1 . 

S.A. 37/6 

1-59 

40-7 


P.A. 1924 

1-32 

39-2 


35/F. 

1*37 

88-15 


35/51 

1-36 

37-7 

Chequer-board No. 2 . 

S.A. 37/6 

1-57 

41-3 


P.A. 1924 

1-34 

39-9 


85/F. 

1-42 

39-0 

1980. Chequer-board . 

S.A. 87/6 

1-78 

41-0 


P.A. 1924 

1-45 

36-7 


35/F. 

1-47 

36-7 


35/51 

1-49 

36-4 

Half-drill strips 

S.A. 87/6 

1-39 

40-1 

i 

35/F. 

1-23 

38-1 


35/51 

1-21 

37-9 


N.B . — ^Differences in quality of grain between 35 /F and 
85/51 are negligible. 
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Table XLIV. — Results of Half-drill Strip Trials of Spratt- 
Archer, Plumage-Archer and 85/51 at Six N.I.A.B. Stations 
in 1930.1 


Stations 

Average 
yields of 
all races 

Comparative dry weights of grain 


(S.A.= 

= 100) 



Cwts. per acre 

S.A. 

P.A. 

S.A. 

36/51 

Cambridge . 

22-3 

100 

106-7 

100 

112 

Long Sutton 

21-6 

100 

107-0 

100 

97 

Good Easter 

19-9 

100 

89-1 

100 

100 

Cannington 

16-9 

100 

89-0 

100 

101 

Newport 

16-5 

100 

87-8 

100 

97 

Sprowston . 

15-9 

100 

81-3 

100 

117 

Averages . 

18-8 

100 

98-5 

100 

104 


Differences of about 3 jper cent, in each comparison are probably 
^significant'. The differences in the ^averages' are certainly 
^significant'. 

Note. — ^The year 1930 was not a favourable year for 
Plumage-Archer in most districts. 

PLUMAGE -ARCHES, 1935’ (35/7) 

This is an ' extracted pure line’ — ^the progeny in the F.4 
generation of a selected F.2 plant (from about 100 plants). 
It resulted from the cross-fertilization of Plumage- Archer 25/1 
and Spratt-Archer 37/6. 

Plumage- Archer 25/1 = x 14/145/46 xBiffen’s 59/7. 

History 

x35 

1923. F.O. Plumage-Archer 25/1 x Spratt-Archer 37/6. 

1924. F.l. 3 plants — 35 ears — all narrow (S.A. type). 

1925. F.2. 35 cultures — 324 plants. Ears and straw of 

each plant weighed. 

1926. F.8. 324 cultures. Ears and straw of each culture 

weighed. 

^ These figures (and those given in Tables XLV, L and LIX) were kindly 
supplied by the National Institute of Agricultural Botany, Cambridge. 

U 
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x35 

1927. F.4. 60 cultures seeded from 60 selected F.3 cultures. 

Square -yard plots of each in chequer-board with parents 
as controls. 

1928. F.5. From the above 60 F.4 cultures ‘35/7’ was 
selected as the best wide-eared barley. 16 plots were 
grown ill chequer-board with Plumage- Archer 1924, 
Plumage -Archer 25/1 and Spratt- Archer 37/6 as controls. 
Grain and straw of each plot were weighed and the 
following determinations made : 

Y. = Yield of grain per cent. 

M. = Ratio weight ears to total produce per cent. 

N. = Nitrogen per cent, of dry grain determined on each of 

4 X 16 = 64 plots. 

Wt= Weight per 1,000 corns (grammes). 


Average 


Races 

Y. 

M. 

N. 

•Wt 

P.A. 1924 

100 

47-4 

1-36 

42-2 

P.A. 25/1 

96 

48'7 

1-47 

48-2 

S.A. 87/6 

90 

44*5 

1-59 

42-4 

85/7 

101 

500 

1*38 

44-9 


1929. F.6. 20 plots in chequer-board with controls as above. 


Average 


Races 

Y. 

M. 

N. 

Wt 

P.A. 1924 

100 

57-6 

1*32 

39-2 

P,A. 25/1 

108 

58*2 

1-40 

40*8 

S.A. 87/6 

106 

52-6 

1-59 

40*7 

35/7 

no 

59-1 

1*35 

40-8 


1930. F.7. 20 plots in chequer-board with P.A.1924 and 

S.A.37/6. 


Average 


Races 

Y, 

M. 

N. 

Wt 

P.A. 1924 

100 

52-6 

1-45 

36-7 

S.A. 37/6 

95 

50-4 

1-78 

41-0 

35/7 

109 

550 

1-50 

40-7 


1931. F.8. 16 plots in chequer-board with controls as above. 


Average 


Races 

Y. 

M. 

N. 

Wt 

P.A. 1924 

100 

48-9 

1-60 

35-7 

S.A. 37/6 ■ 

99 

44-4 

2-03 

37-8 

85/7 

108 

51-8 

1-55 

39-0 
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Field-trial — alternate half-drill strips. 


Races 

Qrs, 

Average 

Y. N. 

Wt 

P.A. 1924 

per acre 
4*89 

100 

1*28 

34*8 

35/7 

5*88 

120 

1*24 

37*1 


x35 

1932. F.9, Chequer-board experiments ruined by late 
sowing and adverse harvesting. 

2 acres of 35/7 seeded from field experiment plots of 
1931 yielded 9j quarters drilled in 15-inch rows. Yield 
and nitrogen content were good under the prevailing 
conditions which were favourable to high nitrogen. 

Average 
N. Wt 

1-52 44-5 

2 acres were grown by Mr. T. H. Rawle, Porlock, 
Somerset, which gave a heavy yield. Sample excellent. 

Average 
N. • Wt 
1*36 44*1 

1933. F.IO. 20 plots in chequer-board, controls P.A,1924 
and S.A.37/6. 


Average 


Races 

Y. 

M. 

N, 

Wt 

P.A. 1924 . 

100 

51*4 

1*21 

88*9 

S.A. 87/6 

86 

44*9 

1*61 

42*6 

85/7 

102 

52*0 

1*28 

40*8 


20 acres grown by Mr. Rawle, seeded from two-acre 
crop of 1932. 

Average 
N. Wt 

1*26 41*8 

Very good sample — ^valued for malting at 56s. per 
quarter. 

Field trial half-drill strip. 


Races 

Y. 

Average 

N. 

Wt 

P.A. 1924 

100 

1*33 

41*2 

85/7 

128 

1*19 

41*3 
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X 35 

1934. F.ll. 20 plots in chequer-board. 

Average 

Kaces Y. M. N. Wt 

P.A. 1924 100 56-9 1-45 41*8 

85/7 107 57-8 1-49 42-2 

1935. F.12. Half-drill strip trials at Warminster. Trials 
at six different stations conducted by the N.I.A.B. with 
‘P.A.1924’ as control. Some of these latter results, 
together with the nitrogen, content estimated for the 
Institute of Brewing Valuation Committee, are given 
below. 

35/7 was distributed in this year as ‘ Plumage- Archer 
1935 ’.! 

Note. — Breaking-strain test of rachis on 1932 crop of 35/7 
and P.A. 1924 showed that the rachis of 35/7 were very much 
tougher, which means less loss in harvesting and threshing. 
Lodging. — ^Both in cage and field trials 35/7 stood better than 
P.A. 1924 and much better than S.A. 37/6. 

Table XLV. — N.I.A.B. Spring Trials, 1935 


Stations 

Races 

Straw 

Grain 

M. 

N. 

Cambridge . 

35/7 

cwts. 

24*8 

cwts. 

29*2 

per cent. 
54*1 

per cent. 
1*59 


P.A. 1924 

23*8 

27*3 

53*4 

1*60 

Norfolk 

35/7 

10-0 

17*5 

63*6 

1*31 


P.A. 1924 

8-1 

13*4 

62*3 

1*35 

Yorks 

35/7 

11-3 

21*7 

65*8 

1*41 


P.A. 1924 

12-3 

20*8 

63*0 

1*41 

Somerset 

35/7 

261 

29*0 

52*6 

1*43 


P.A. 1924 

300 

26*9 

47*3 

1*60 

Hants 

35/7 

15*5* 

20*7 

57*2 

1*46 


P.A. 1924 

18*1 

19*4 

48*3 

1*60 

Salop 

35/7 

18*0 

24*5 

57*6 

1*27 


P.A. 1924 

17*8 

21*4 

54*6 

1*35 


1 This race gave higher yields in the N.I.A.B. 1932 spring trials at all six 
stations than any other race tested, a result which, I think, has never before 
occurred. 
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The nitrogen content of 35/7 is lower than that of the 
control race at five stations and equal at one. The migra- 
tion factor is higher at all stations than the control. The 
yield is higher at all stations. 


‘ Plumage-Archer 1935’ is a wide-eared hybrid race, 
selected for superiority in those factors of productivity and 
of malting quality which have proved to be the most 
important. 

It inherits the tough ear stem of the Spratt-Archer parent. 
In other respects it resembles Plumage-Archer. 

A study of the cultures of this hybrid race in the nursery 
and in the field lead me to believe that it is a good all-round 
barley for soils of medium fertility arid in average seasons in 
this country. I think it would not be suitable for such light 
soils or for conditions under which yields of not more than 
80 to 86 bushels per acre can be expected. Under such 
adverse conditions either Spratt-Archer or Golden-Archer 
would give better results. 


GOLDEN-ARCHER 85/51S. 

x85.— 35/51S. is the progeny of a single F.5 plant selected 
from the progeny of one F.2 plant of 35/51.^ 

In 1932 and 1933 it gave significantly higher yields in the 
chequer-board trials than Spratt-Archer. 

There was a half-drill strip trial against Golden-Archer 
35/F. in 1934. In 1986 there was a chequer-board trial and 
a spring-sown half-driU strip yield trial. 

Eleven acres of this race were grown in Essex in 1934 and 
the yield and quality were reported to be good. 

It differs from ‘Golden-Archer 35/F.’ in that it is a single 
plant selection, whereas 35/F. is a mass selection. 

It was distributed as ‘Golden-Archer 35/51S.’ in 1988. 

^ ‘35/51’ was discontinued as it proved to be no better than ‘Golden- Archer 
85/F.’ and not as good as *85/5lS.’, 
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Description 

This race is probably an improvement on the original stock. 
It is a narrow-eared race with a brighter coloured grain than 
Plumage-Archer. It ripens earlier than tbe latter. It was 
selected for high-malting quality combined with good-yielding 
capacity and does well on a wide range of soils. The ears are 
of the ‘Archer’ type. It is more uniform in appearance than 
‘Golden-Archer 35/F,’, but slightly inferior in quality, 
probably due to over-selection. 

X 54/12/3 

This is a selected hybrid wide-eared barley: the progeny 
of a single F.S plant of Plumage-Archer 1924 and Spratt- 
Archer 37, No. 3,^ 

x54 

1981. F.O. Plumage-Arclier 1924 $ x Spratt-Archer 87, No. 3 
$ — 9 seeds were fertilized on 2 plants of S.A. 

1932. F.l. 9 plants — 6 with narrow and 3 with medium 
ears. There were 47 ears in all. 

N.B . — ^No doubt there were latent factors deriving from 
one or both of the F.2 plants, P.A. 1924 or S.A. 87, No. 3, 
giving rise to ears of intermediate width in x 54. There 
are various heritable degrees of width of ear (due to 
varying length of intemodes) amongst varieties of barley 
and it is probable that more than one latent factor con- 
trolling ear-width was present in one or both parents. 
1938. P.2. There were 47 cultures, each seeded from one 
ear of F.l. 10 grains were planted in each of the 47 
rows with alternating rows of Golden Archer as control. 
The 47 rows (470 grains) produced 432 ears, averaging 
9'2 ears per row. There were 197 plants with narrow 
ears, 120 with medium ears and 116 with wide ears. 
This is approximately a frequency of the order of ID, 
2DR, IR — with Wide as recessive if half the Narrows 
and all the Mediums were DR. Subsequent results, how- 

1 Spratt-Archer 37, No. 8, is a re-selecUon (by Mr. M. Caflrey of the Albert 
CoUege, Glasnevin) made in 1921 out of the mixed bulk which had been kept 
growing in Eire from the original Spratt-Archer cross made by Dr, Hunter 
at the Cereal Station, Ballinacuna, Co. Cork. 
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ever, showed that in this case all wide-eared plants were 
not recessive ,in the sense of yielding only all wide-eared 
progeny. Not one of the 47 cultures gave plants which 
were either all narrow, all medium, or all wide. Every 
culture contained plants with either two or three types 
of ears, and in subsequent generations many wide-eared 
plants proved to be heterozygous in respect of ear- width. 

The results obtained do not in fact appear to be con- 
sistent with generally accepted theories of transmission 
of morphological characters. 

Determinations were made on each of the 47 cultures 
(54/1-54/47) of (1) number of ears of N., M., W. types; 
(2) weight of stems; (3) weight of ears. 

Eight surviving plants of this F.2 culture gave the 
following results : 



Narrow 

Medium 

Wide 

Total 

Mean of 

2 adjoining 
rows of 6.A., 
one each side 

Average of 

47 cultures 

Average of 

48 G-A. 
controls 

No. of plants . 

2 

2 

4 

8 

9 

9*20 

9*25 

No. of ears 

5 

6 

18 

29 

24-5 

22*40 

22*60 

Wt. of stems (grms.) 

60 

8-0 

25-8 

39*8 

34-8 

31*80 

30-50 

Wt. of ears (grms.) . 

7-2 

9'2 

29-6 

46-0 

32-1 

33*70 

30*20 

Wt. of plants (grms.) 

13*2 

17*2 

55-4 

85*8 

66-9 

65*50 

60*70 


Average Totals 


Avg. no. ears per plant (d) 

2*5 

3*0 

4*5 

3*62 

2*72 

2*43 

2-44 

Avg. wt. per ear (e) grms. 
Yield =wt, ears per plant ■ 

1*44 

1*53 

1*64 

1*61 

1*31 

1*50 

1*34 

(y) grms. 

Migration Coefficient (M) 

3*60 

4*00 

7*40 

5*75 

5*25 

3*66 

3*27 

per cent. 

64*6 * 

53*6 

63*4 

63*6 

1 

48*0 

61*4 

49*7 


These results show definite evidence of hybrid vigour 
in F.2. 

The correlation coefficients have been calculated for 
all combinations of the factors, d, e, y, M, based on 
results obtained from yield experiments in the barley 
nursery during twenty-one years. Results of 54/12 are 
exceptionally promising for yield of progeny, but they 
refer to only eight plants and may therefore be wholly 



(or very largely) due to environmental conditions, not- 
withstanding every effort to eliminate the differential 
effects of such conditions. Several other of the F.2 plants 
yielded progeny more or less comparable to the above. 

X 54 

1934. F.3. 120 ears were selected from the progeny of 

20 F.2 plants as comparing best with the control rows 
and were used for seeding 20 plots in a chequer-board 
yield experiment. Each of the 20 plots consisted of 
6 rows of 18 plants — 18 grains for each row from a single 
F.2 ear. These 20 plots were distributed systematically 
with 20 plots each of 7 other races known to be high 
yielders. There were 160 plots in all. The gross yield 
of x54 was compared with that of the 7 other races. 
From these 20 x54 plots the parent culture of '54/12/3’ 
was selected for extra high yield (67-4 grammes) from 
plot 64, row 3. 

It may be noted that all the 7 races which were 
compared with x 64 were races cultivated by growers in 
various parts of the U.K. and Eire. 

Weather and other conditions had the effect in this 
year of levelling down- the yields of all these chequer- 
board experiments to an average equivalent to 20*6 cwts. 
per acre with no significant differences between the races. 

The average yield of barley- for England in 1934 was 
16-9 cwts. per acre. 

Averages of some of the results are given below : 



1934 average per plot 


Ail 

eight races 

x54 

X 54’s placing 

No. of plants per plot 

103-4 

103-5 

5 

Ears per plant . 

2-07 

2-00 

7 

Weight per ear (grammes) . 

1-19 

1-28 

1 

Yield (grammes) 

254-40 

265-80 

1 

Migration (per cent.) 

56-4 

55*9 

4 


1935. F.4. In a chequer-board experiment of 128 plots, 
64 plots of X 54 were seeded from 9 F.2 cultures ^ of x 54 
selected from the 1934 F.3 cultures. 16 plots each of 
fom* other races were alternated systematically with 

^ As between the 9 selected F.2 races of x 54 there were large significant 
differences : the indication being that amongst these 9 some were likely to prove 
higher yielders than others. 
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those of X 54. The four races used were Plumage- Archer 
1924, Plumage- Archer 1935, 35/51 S., Spratt- Archer 37, 
No. 3: all proved high-yielding races in previous trials 
at Warminster and at the N.I.A.B. stations in other 
localities. 

The average comparative yields were in the following 
order : 


16 plots Plumage- Archer 1924 . . 100 

16 plots 35/51S 99 

16 plots Plumage-Archer 1935 . . 97 

16 plots Spratt- Archer 37, No. 3 . 92 
64 plots X 54 . . . . .95 


Differences of 5 per cent, or less are not ^significant. 

X 54 

1936. F.5. Five of the above-mentioned x 54 F.2 races, 

including one selected F.3 culture of 54/12, were included 
in a chequer-board trial of 160 plots with the races tried 
in 1935. In addition to counts and weights of averages 
per plot of (a) viability — ^number of surviving plants; 
(d) number of ears per plant; (e) weight per ear; (y) 
weight of ears per plot (all heritable characters and factors 
of productivity), determinations were made of nitrogen 
content of grain used for seed and of the produce. The 
results are given in Table XL VI below. 


Table XLVI. — ^Warminster Plots, 1936. Chequer-board 
trial for 54/12/3 (Y. = 100) 


Races 

Plots 

Type 

ear 

Y. 

per 

cent. 

a 

d 

e 

grms. 

M. 

per 

cent. 

N. 

per 

cent. 

seed 

N. 

per 

cent. 

crop 

54/12/3 
(control) . 

5 

W 

100 

100-6 

1-76 

1-30 

52-3 

1-26 

1-53 

P.A. 1935 . 

20 

W 

981 

96-6 

1-79 

1-31 

54-5 

1-43 

1-57 

P.A. 1924 . 

20 

w 

960 

98-2 

1-80 

1-25 

51-7 

1-43 

1-58 

54/10/3 

20 

w 

930 

95-9 

1-73 

1-30 

52-7 

1-40 

1-57 

54/10/2 

20 

w 

92*9 

95-4 

1-73 

1-29 

52-2 

1-38 

1-59 

G.A. 35/51/S. 

20 

N 

92-6 

96-8 

1-83 

1-21 

51-5 

1-45 

1-64 

54/12/1 

20 

N 

90*9 

93-4 

1-75 

1-28 

51-4 

1-41 

1-60 

54/13 . 

15 

N 

89*4 

93-7 

1-80 

1-23 

50-6 

1-37 

1-55 

S.A.S7,No.3 

20 

N 

88-6 

94-7 

1-73 

1-25 

50-8 

1-44 

1-58 


160 









Averages (of races) 

93-5 

96-2 

1-76 

1-27 

1 52-0 

1-40 

1-58 
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Table XLVII. — Warminster Nursery Chequer-boards, 1937-40 
and Field Half-drill Strip, 1939 
54/12/3. Y. =100 



54/12/3 

1 

1935 

S.A. 37, 
No. 3 

Average of 
8 races 


Yield 

N. 

per 

cent. 

crop 

Yield 

N. 

per 

cent. 

crop 

Yield 

N. 

per 

cent, 

crop 

Yield 

N. 

per 

cent. 

crop 

1937. 

F.6 — 20^1ots of each race 

100 

1-30 

99-3 

1-38 

950 

1*39 

93-6 

1*38 

1938. 

F.7 — 20 plots of each race 

' 100 

1-26 

99-7 

1-36 

980 

1-36 

990 

1-34 

1939. 

F.8 — 20 plots of each race 

100 

1 

1-33 

98-9 

1-42 

891 

1*51 

90-9 

1-50 

Field half-drill strip, 16 
each race . 

100 

1-27 

98 0 

1*38 


. . 

. . 

. . 

1940. 

F.9 — 20 plots of each race 

100 

1-41 


1-50 

86-5 

1-46 

92-7 

1*48 

Averages 

100 

l-Bl 


1*41 

92-2 

1-43 


•• 


Table XLVIII. — 1938 and 1939 Warminster Half-drill Strip 
Trials of 54/12/3 and P.A. 1935 (Control) 



1938 

1939 


P.A. 

1935 

54/12/3 

1 P.A. 
1935 

54/12/8 

Total weight grain (raw) as 





threshed (lbs.) . 

294-0 

315-2 

566-0 

579-0 

Total weight straw (raw) (lbs.) 

417-5 

425-7 

808-0 

753-5 

Moisture per cent, grain (dry) . 

19-9 

19-3 

16-3 

. 16-7 

Migration per cent. 

41-3 

42-5 

41-2 

43-4 

Nitrogen per cent, (dry) j 

1-35 

1-34 

1-43* 

1-30 

1-34 

1-38 

1-30 

1-27 

Weight per 1,000 corns |seed 

35-7 

46-7* 

37*8 

37-7 

(dry) grammes (Crop 

37-8 

37*7 

37-9 

35-7 


* 54/12/3 seed was the produce of a plot drilled in 1937 in one-inch drills, 
which accounts for the large grain. 
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X 54 

1937/40. F.6/F.9, In each of these four years ‘54/12/3’ 

was grown in 20 plots systematically distributed in a 
chequer-board of 160 plots, that is to say, with 7 other 
races, including in each year Plumage-Archer 1935 and 
Spratt- Archer 37, No, 3. 


Table XLIX. — ^Estimated comparison of 1939 Cage and 
Field Results for Race 54/12/3 

54/12/3 


Weight grain per square yard (grammes) 
Grains per square yard . 

Weight grains per ear (grammes) 
Number grains per ear 
Number ears per plant . 

Number ears per square yard . 

Plants per square yard . 


Cage 

Field 

224 

166 

4,700 

3,900 

1085 

•9 

22*8 

210 

2*05 

1*20 

206 

186 

100 

155 


Note. — The results of the chequer-hoard and half-drill strip 
experiments given above illustrate a very exceptional series and 
indicate with a high degree of probability that ‘54/12/3’ is par- 
ticularly well adapted to the conditions of the Warminster nursery 
and field plots, both in respect of productivity and quality of grain. 
But quite obviously no one race of barley is best adapted to all 
conditions of environment and cultivation, just as no one race 
yields grain best adapted to all possible uses. 


Description 

^54ijl2lB' is similar in general character to ‘Plumage -Archer 
1985’, but gave significantly lower nitrogen content and 
higher yield in the chequer-board and half-drill strip trials 
at Warminster. As far as I am able to judge at present this 
race should be an improvement on the previous wide-eared 
sorts raised at Warminster. 

At time of writing (1941) ‘54/12/3’ has not been distributed, 
as owing to war conditions it has not been sufficiently tried out 
on the large field scale. 

The National Institute of Agricultural Botany, Cambridge, 
in 1940 included ‘54/12/8’ in their trials at five stations in 
England with widely different extrinsic conditions. Four 
races were included in these trials, viz., 

1. Spratt- Archer 87, No. 8 (Control). 

2. 54/12/8. 
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3. 189/90, bred at the Plant Breeding Institute, Cambridge. 

4. Kenia, a Danish race with a very shbrt growing period, 

not at present in general cultivation in Great Britain, 
but possibly well adapted for late sowing in some 
locahties. 

Kenia (the results of which are not given in Table L) gave 
the highest migration at all five stations, with wide differences 
in yield. 

Records of yields and nitrogen of the first three races are 
given in Table L below. 


Table L. — ^N.I.A.B. Yield Experiment, 1940. Results at 
five stations — ^three races 

S.A. Y.=100 



Yield 

Nitrogen 
per cent. 

1,000 corn 
weight 
grammes 

Migration 
per cent. 

Somerset. S.A. 

100 

1*442 

37*9 

51-8 

54/12/3 

97 

1*444 

40*8 

57-0 

189/90 . 

96 

1*521 

40*8 

51-3 

Hants. S.A. 

100 

1*815 

44-1 

50-3 

54/12/3 

96 

1*658 

46*4 

50-4 

189/90 . 

86 

2*055 

45*7 

49*6 

Salop. S.A. 

100 

1*385 

44*2 

52*6 

54/12/3 

97 

1*296 

45*1 

58*6 

189/90 . 

87 

1*524 

46*2 

55*0 

Norfolk. S.A. . 

100 

1*597 

39-7 

57*1 

54/12/3 

! 87 

1-551 

39*4 

60*3 

189/90 . 

94 

1*598 

42-6 

56*3 

Yorks. S.A. . 

100 

1-672 

41-9 

57*8 

54/12/3 

iol 

1*575 

44-6 

63*7 

189/90 . 

93 

1*734 

42-2 

56*6 

Means — all f ' 

100 

.1*582 

41-6 

53*9 

SsUtions 

95*6 

1*505 

43-2 

58*0 

[ 189/90 . 

91-2 

1*686 

43-5 

53*8 

Mean for G.B. 





N. per cent. . 


1-65 




^ There were no trials at Cambridge owing to war conditions. 


It is seen from the above results that Spratt-Archer is 
superior in respect of yield on the above soils, but 54/12/3 
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appears to give better quality. 54/12/8 in four out of five 
of the trials gave lower nitrogen than the races with which 
it was compared, and a higher migration coefficient at all five 
stations, which I think is good evidence that M. is an inherited 
character. 

In view of this and previous data it may now be concluded 
that Spratt-Archer gives to most growers in Great Britain 
(and certainly in Eire, where little else but Spratt-Archer is 
grown) better value per acre than any other race so far (1940) 
tried out year by year on different soils. But over consider- 
able areas in England (also probably in Scotland) Plumage- 
Archer and the hybrids raised at Warminster from crossing 
Plumage- Archer and Spratt-Archer give better value. 

Note. — 54/12/3 was distributed in 1943 imder the name of 
‘Beaven’s 1948’. The same year it was included in a com- 
bined small-scale and field trial by the Irish Department of 
Agriculture and Messrs. Guinness in Ireland. It showed up 
so well in respect of high yield and low nitrogen that further 
large-scale trials Avill be continued. 

Test made at Warminster for Toughness of Bachis 

— COMPARING ‘54/12/3’ WITH ‘ Plumage-Archer 1935’ 

Unfortunately the character of brittle rachis common to 
H. spontaneum has not been completely lost and some of our 
cultivated races possess it to a more or less limited extent. 

In 1939 the following tests were made. 100 ears of each 
race were taken from sheaves of discarded plants from the 
1988 crop yield experiment. The result was as follows: 

1935’ 

Average weight necessary to 

break rachis . . . 876 grammes 896 grammes 

Rachis broken at base of ear . 8 per cent. 12 per cent. 

x68 

This is a hybrid resulting from a cross between Plumage- 
Archer 1985 and Spratt-Archer 87, No. 3 made in 1938. 

At time of writing (1941) this race has only reached the F.8 
generation. 



CHAPTER XXIX 


SIX -ROWED (WINTER) BARLEYS AND NAKED 
(HUSKLESS) BARLEY RAISED AT WARMINSTER 

Neither the H. hexastichum nor the H. vulgare sub-species 
has been grown extensively in England. Where either has 
been grown in England it has been autumn-sown and used 
chiefly as a forage crop. Having been selected for this 
purpose little attention has been paid to quality, and it has 
rarely been saleable at a price to make it worth harvesting, 
except for seed. 

Although H, vulgare is often spring-sown in Scotland, 
it is, to the best of my knowledge, rarely spring-sown 
in England; yet if it were so grown it would doubtless 
have some points in its favour. It grows more rapidly and 
matures earlier than two-rowed barley under equal con- 
ditions, which is an obvious advantage. Then again the 
yield of both grain and straw is considerably greater than 
that of the two-rowed sorts and this might compensate the 
grower for lower value per unit of weight and for the low 
price realized. 

There are winter and spring sorts of H, vulgare and I think 
there is no doubt that almost any race of barley can be 
gradually accustomed to either habit of growth. It is doubtful 
if winter-grown vulgare can be made to produce grain of the 
quality required for malting when grown in this country. It 
is rare to see samples which compare in respect of quality 
with the foreign sorts, such as Yerli (Smyrna), or Brewing 
Californian. 

The quality of H. hexastichum^ however, has often been 
quite good, although it is not generally of malting-quality 
standard. 

For several years I have had under trial in the nursery 
chequer-boards and half-drill strip trials a number of estab- 
lished races of H. vulgare and H. hexastichum with the object 
of raising a barley for autumn-sowing of good malting quality, 
suited to our climate, which, in case of need, could take the 
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place of the six-rowed imported sorts. In addition, I have 
raised and similarly tested a large number of hybrid races 
with both autumn and spring sowing, but not one of these 
has 'gone into general cultivation. 

F.112 (H. hexastichum) 

In order to discover the parentage of this race one would 
have to unearth records of about 2000 b.c., because similar 
barley (quite possibly its progenitors) was found in Swiss 
lake-dwelling deposits of about that period. It is, however, 
very similar to imported Chilian barley. 

F.112 (bred at Warminster) is the progeny of a plant 
selected in 1913 from a commercial bulk of Day town Blue 
Brewing 1901. If there is any aggregate (which I doubt) on 
the face of the globe which can claim to be called a ^pure line’, 
or a homozygous race, it is F.112; although in one of the plots 
at Warminster there appeared one or two individuals of a 
very similar, but quite distinct race. Whether these were 
the progeny of individual grains accidentally crossed, or a 
mutation, I do not know, but such evidence as I have favours 
mutation. 

A vast amount of work has been done with F.112 in the 
nursery and laboratory at Warminster for the past twenty- 
seven years. This is certainly a remarkable barley in many 
respects, more particularly in regard to its vegetative 
characters and habit of growth. It has a very fine and large 
root system and stiffer straw than any other race tested at 
Warminster. It is more prolific in this country than any six- 
rowed barley grown so far and is almost the most winter- 
hardy. It requires heavy land, and when sown on strong 
wheat land it will stand up with a crop of 7 to 9 quarters per 
acre. F.112 has been fairly extensively grown in the south- 
west of England, mainly in Dorset and Wilts, and is par- 
ticularly suitable to the latter district, where the average 
rainfall is about 50 per cent, higher than, say, Essex, and 
where a barley coming to harvest in July with a heavy yield 
is worth more per acre than a barley of better quality which 
would not stand as well. A small area of this barley is grown 
every year at Warminster and is usually sown in October. 

The defects of F.112 are that it requires a long resting stage 
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and is subject to attacks of cladosporium herbarum in wet 
seasons, which appears when the grain is almost fully ripe. 
For this latter reason I have discouraged the spread of it, 
although some escaped from my plots several years ago. 
Also, owing to its early ripening habit, a small area of it may 
be liable to serious damage from birds. 

x49 

This is the result of a cross between F.112 and 'July’ 
(H. vulgare), the object being to combine, if possible, the 
winter-hardiness of the former with the good malting quality 
of the latter. 

'July’ has a short growing period. Its defect is that it is 
not winter-hardy and fails if it encounters frost. 

There were 280 F.2 plants of above cross in the nursery 
in 1930 and there were 100 cultures under observation 
between 1931 and 1933. In 1933 (F.5) selected progenies of 
15 plants were grown in a chequer-board, and in 1936 the 
number was reduced to 4, viz., x 49/2/3, x 49/3/4, x 49/10/1, 
and X 49/24/7: 

X 49/2/3 (H. vulgare) is a single plant selection from above 
cross. It has a long straw: is even in all stages: and 
ripens rather later than 'July’. It gives good yield and 
quality and appears to be almost as winter-hardy as 
F.112. 

X 49/3/4 (H. vulgare) is similar to 49/2/3, but uneven in growth 
at all vegetative stages. It ripens early and is of good 
quality. 

X 49/10/1 (H. vulgare) has shorter and stiffer straw than 
49/2/3, but is less even in growth. 

X 49/24/7 (H. parallelum) has longer and weaker straw than 
the parent F.112, but ripens earlier and gives better 
yield and quality. 

None of the x49’s were distributed, as in 1937 I had a 
new F.112 x 49/10/1 hybrid, some selections of which appeared 
to be superior to x 49 and which are still (1941) under trial. 

In the light of my own experience I think it unlikely that 
it is possible to produce a six-rowed barley in Great Britain 
which could compete with the imported sorts in respect of 
quality ; also the low yields generally obtained in this 
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country make production uneconomical under present 
conditions. 

Maybe under some improved farming system new and 
superior races of autumn-sown six-rowed barleys vill be 
more extensively and profitably grown, especially if the 
available supply of imported sorts falls off for any reason 
(as is quite possible), or becomes more costly. What is 
required is an early-ripening, high-yielding race, with low 
nitrogen content, which could take the place of Californian. 

Some future plant breeder may produce such a race, which 
will be profitable to growers and also give brewers what they 
want, if, or when, there is agreement as to what they want. 
But it is to be remembered that it takes a considerable 
number of years to raise and adequately test any new race 
of barley; also it is a costly business and unprofitable to the 
breeder. But it is ‘bread cast upon the waters’ which may 
return to those who come after. 


Beaven’s Naked (Huskless) Barley 

In wheat the caryopsis or true fruit, commonly called the 
grain of the plant, is loosely enclosed between two chaffy 
scales, the paleae, and easily shaken from the ear when it is 
threshed. 

In the ordinary barleys grown in this coimtry the fruit of 
the plant is also a ckryopsis enclosed between two paleae, 
but these when the grain is ripe become fused to the surface 
of the caryopsis, and cannot be separated from it except by 
special milling machinery. 

There are, however, several varieties, belonging to all the 
different species of barley, in which the paleae quite as 
loosely invest the caryopsis as they do in wheat; these 
varieties are known as naked barleys : the ears give up their 
caryopses as readily as wheat when threshed. 

Naked barleys are extensively cultivated for human food 
in Japan, and some Himalayan districts. 

After twenty years of experimentation I have succeeded 
in raising a race of this barley which will yield sufficiently 
well to be profitable to farmers and which will provide raw 
material of high vitamin content for cereal food in some 
shape or form. It is a hybrid race selected from the progeny 

X 
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of some ears received from Dublin in 1934. The ears were 
the progeny of some white naked barley taken from some 
black naked received from Kenya previous to that date. 

In 1940 this selected hybrid race gave a yield of 20 cwts, 
per acre on 6 acres of quite inferior land. This is quite an 
exceptional yield for naked barley grown in this country. 
Previous races of naked barley gave poor yields and had 
weak straw. I have now (1941) multiplied this barley up 
from a single hybrid to 6 tons. 

I think this new production should have a future as a 
nutritive form of human food. The best uses to which it 
could be put would be in the form of ‘flakes’ (malted or 
unmalted according to taste and requirements) for breakfast- 
food, milk puddings, barley-water, and for thickening soups 
— all of which I have tried and found satisfactory. For 
barley-water I think it would be an inaprovement on pearl 
barley as the process of removing the husks, which is necessary 
with pearl barley, would be avoided. 

So far there is only a comparatively small acreage of it 
(under 20 acres), but I hope in the future to arrange for 
seeding a considerable area. It should be sown early in 
March at the rate of about two bushels per acre. 

An attempt was made at Warminster in 1935 to cross naked 
six-rowed with F.112, but in 1937 it failed and no further 
attempt has been made to cross it with any other race. 




Fi(i. 49.— Grains of l^envens Naked (Iniskless) harlev. 




CHAPTER XXX 


INHERITED CHARACTERS 

INHERITANCE OF PRODUCTIVITY 

Tables LI and LII, given below, show some of the differences 
actually obtained in the total weight of ears on plots of 
different races, as percentages of the highest, for the years 
1919-40 (excluding 1935). 

In some instances differences in total weight of ears have 
been sufficient to justify selecting one or other race for 
further multiplication. We have, however, to remember 
that differences in yield of any two races, at one place and 
in any one year, afford only a moderate degree of probability 
that they will be repeated under different conditions. This 
proviso must be borne in mind in considering the results 
given from year to year. 


Table LI. — ^Warminster Chequer-board Plots. Hybrid and 
‘Pure’ Races, Comparative weight of total ears. Highest 
= 100 


No. of 
Plots 

Year 

Hybrid | 
Spratt-Archer 
37/6 

Hybrid 

Plumage- Archer 

‘Pure’ race 
Archer 

‘Pure’ race 
Plumage 

20 

1919 


100 

89 

81 

15 

1920 


99 

100 

86 

16 

1921 

100 

97 

88 

91 

16 

1922 

100 

76 

89 

. . 

16 

1923 


100 

99 

76 

20 

1924 

100 

86 

88 

79 

20 

1925 

100 

95 

92 

70 

16 

1926 

100 

79 

96 

63 

20 

1927 

94 

100 


. , 

16 

1928 

89 

100 


. • 

20 

1929 

100 

94 

• • 


8 years’ average 

98 

91 

•• 


7 years’ average 

•• 

93 

78 

5 years’ average 

100 

87 

91 

- 


828 
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Table LII. — ^Warminster Chequer-board Plots. Hybrid Races. 
Comparative weight of total ears. Highest =100 


No. 

plots 

Year 

Plumage- 

Archer 

1924 

Spratt-Archer 
37, No. 3 

Plumage- 

Archer 

1935 

Golden- 

Archer 

35/51/S. 

54/12/3 

ex 

Essex 

ex 

Ireland 

20 

1930 

92 

90 


100 



16 

1931 

93 

94 

. , 

100 

. . 

. . 

10 

1932 

90 

100 

. . 

89 


. . 

20 

1933 

98 

92 

93 

100 

96 

. . 

20 

1934 

92 

100 

100 

99 

98 

. . 

20 

1936 

96 

89 

, . 

98 

93 


20 

1937 

91 

86 

95 

99 

93 

f 

20 

1938 

, . 


98 

99*9 

99-6 


20 

1939 



89 

99 

91 

w 100 

20 

1940 

• • 


83 

100 

85 

1 96 


Averages : 


10 years — 1930-^i(0 

7 years— 1930-37 

6 years — 1933-40 
(excluding 1936) 

5 years — 1936-40 


f Spratt- Archer 37, No. 3 . 
(^Plumage-Archer 1935 
j Plumage-Archer 1924 
-! Spratt-Archer 37, No. 3 (ex Essex) . 
1 Plumage-Archer 1935 
(Spratt-Archer 37, No, 3 (ex Ireland) 
i Plumage-Archer 1935 
I Golden- Archer 35/51S. . 
j Plumage-Archer 1935 
< Golden- Archer 35/51 S. . . 

(54/12/3 


93 

99 

93 

94 
98 

93 
99-5 

94 
99-2 
92-3 
99-2 


Differences of about 10 per cent, in any one year and of about 
.4 per cent, in the averages for 8 years are ^sigmficant\ 


We want a finer ‘sieve’ than this to justify the expense. of 
multiplying a new race up to the quantity of seed required 
for field trials and we therefore proceed to certain other 
biometrical calculations. 

If by biometrical analysis of our records we can detect 
well-marked differences in the behaviour of races in either 
the seedhng or the grain-forming periods, which under the 
climatic conditions of this country are the critical periods for 
cereal crops, and if we can make sure that these differences 
are inherited, i.e. are more or less independent of soil and 
weather conditions, it will be a great help in shortening the 
testing period. 

These measurements will be the ‘tillering’ capacity of 
races ; and the migration coefficient, which is the ratio of the 
weight of the com to the weight of the entire plant* 



JL lULCt y^lLU! UULC^f S 




Inheritance of Tillering 

Both tillering capacity and size of heads are inherited 
characters. In the case of barley (and probably the other 
cereals) those races which tiller best generally have the 
smallest ears and it makes no difference to the ordinary 
grower, as long as he can get a maximum yield, whether tliis 
is due to the number or to the weight of the heads. 

The vigour of the individual plant during the first month 
or so of its life is indicated by the number of its shoots. 
Again this is dependent on the range and activity of its root 
system, and each shoot is a potential ear-bearing stem. 
Without efficient tillering we get poor yields. The number 
of tillers on each plant depends, however, to a great extent 
on the soil space and plant food available. 

When comparing races in respect of tillering we take the 
count of the average number of ear-bearing stems per plant. 
In the cage we get over 300 ears per square yard in some 
years. The average is about 209. Many fields produce less 
than this and we have nothing to tell us what the average is, 
but I doubt if it is as much as 800 per square yard in all 
Great Britain. 

The tables overleaf (LIII and LIV) show the difference 
in tillering capacity between races for the period 1919-40 
(excluding 1935). 

These figures provide good evidence that ‘tillering’ capacity 
is an inherited character. In the first period (1919-29) 
Spratt-Archer always leads in this respect, and in the second 
period (1930-40) it shows a higher average tillering capacity 
than the Plumage- Archers, but not as high as the re-selected 
Golden-Archer. 


Inheritance of Migration 

The predominant factor of productivity in cereals is the 
grain-forming energy of the individual plants composing the 
crop. This factor results from a combination of inherited 
structures. 

The migration coefficient is not only a measure of the grain- 
forming energy of races, but it is necessarily a measure of the 
comparative yields of grain when the total produce is the 



Table LIII. — Warminster Chequer-board Plots. Hybrid and 
‘Pure’ Races. Average number of ears per plant (highest in 


heavy type) 


No. of 
Plots 

Year 

Hybrid 

Spratt-Archer 

37/6 

Hybrid 

Plumage-Archer 

‘Pure’ race 
Archer 

‘Pure’ race 
Plumage 

20 

1919 



1*67 

1-46 

15 

1920 


. . 

207 

1*94 

16 

1921 

329 

315 

3*09 

2*95 

16 

1922 

2-64 

2-31 

2-49 

. . 

16 

1923 

, , 

1-71 

1-76 

1*42 

20 

1924 

2-68 

2-46 

2-52 

212 

20 

1925 

2-35 

2-08 

2-16 

1-75 

16 

1926 

232 

1-86 

217 

1-71 

20 

1927 

1*94 

1-85 

. . 

. . 

16 

1928 

2-53 

2'52 

. . 

. . 

20 

1929 

1-87 

1-78 



8 years’ average 

2*45 

2-25 


•• 

7 years’ average 

.. 

2-21 

1-91 

5 years’ average 

2-66 

2*37 

2*49 

•• 


Table LIV. — ^Warminster Chequer-board Plots. Hybrid Races. 
Average number of ears per plant (highest in heavy type) 


No. of 
plots 

Year 

Plumage- 

Archer 

1924 

Spratt-Archer 
37, No. 8 

Plumage- 

Archer 

1935 

Golden- 

Archer 

35/51/S. 

54/12/8 

ex 

Essex 

ex 

Ireland 

20 

1930 

2-74 

2-77 


2-88 




16 

1931 

2*76 

2-66 

. , 

2-60 

. . 


. . 

10 

1932 

1-77 

1-90 

, , 

1*66 

. . 


. , 

20 

1933 

2*50 

2*50 

2*76 

2-54 

2-71 


, . 

20 

1934 

1*90 

2-15 

212 

204 

218 


. . 

20 

1936 

.1-8Q 

1-73 

, . 

1-79 

1-83 


ri*75 

20 

1937 

1-95 

1-97 

2-20 

2-06 

215 


206 

20 

1938 


. , 

2-69 

2-56 

2’80 


2-53 

20 

1939 


. . 

2-17 

2-11 

215 


2-05 

20 

1940 

’ • 

■ • 

202 

2-20 

2-35 


[208 


Averages : 

10 years — 1930-40 

7 years— 1930--37 


6 years — 1933-40 
(excluding 1936) 


6 years — 1936-40 


/ Spratt-Axcher 37, No. 3 . 

\ Plumage-Archer 1935 
rPlumage-Archer 1924 
i Spratt-Archer 37, No. 3 (ex 
(^Plumage- Archer 1935 
r Spratt-Archer 37, No. 3 (ex 
Plumage- Archer 1935 
(^Golden- Archer 35/51S. . 
rPlumage- Archer 1935 
< Golden- Archer 35/61 S, , 
1^54/12/3 



. 230 

. 

. 2-24 

, , 

. 2-20 

Essex) . 

. 2*24 

. 2*22 

Ireland) 

. 2*82 

. 

. 2*25 

. 

. 2*39 


. 2*14 

, 

. 2*26 

. 

. 2*10 


Differences of about *25 in any one year and of about -10 in the 
averages for 8 years are ^significant. 
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same (as is often approximately the case). It is also generally 
associated with high quality of grain. With some races this 
factor frequently outweighs a higher number of ears, or a 
greater average weight per ear, in another race. The facts 
are that the dry ears of the plant frequently weigh more 
than the entire dry weight of the rest of the plant. 

To the practical farmer a high migration coefficient indicates 
that his crop is well ' headed \ This does not necessarily 
mean that the individual heads are large, but it means that 
the grain threshes well out of the straw. Farmers are already 
aware that this is an important seasonal factor affecting yield 
of grain, even if they are not alive to the fact that it is also 
a racial character of certain races of the cereals compared 
with others of the same species. With barley a consistently 
higher ratio of grain to straw can be obtained in cross-bred 
races than is present in either of the parent races. 

To illustrate the value of the migration factor in barley: 
my late son-in-law, Professor T. B. Wood, who farmed about 
800 acres in Norfolk, had a foreman who was an extraordinarily 
good hand at estimating the number of sacks which would 
be threshed out of a stack, but his calculations were entirely 
upset when they changed over from the race they formerly 
grew to that of pedigree Archer. There was a difference of 
10 to 20 sacks to a stack in favour of Archer. This was 
simply because this race has an exceptionally high migration, 
and although, as the foreman said, the size of the stack was 
such as would lead a practical farmer to judge that it would 
yield 100 sacks, the yield with this particular race was 
substantially higher. 

In selecting for productivity of grain on unit area I attach 
great value to the migration factor. Also in the early stages 
of the selection of races I have found it very useful because 
it can be determined with a very small ‘probable error" for 
comparative purposes by growing only about 2,000 plants 
when these are grown under specified conditions, whereas a 
considerable area is required under ordinary conditions of 
cultivation to eliminate the error of environmental conditions 
in estimating the produce of grain on a given area, I also 
find that for races of similar duration of growing period 
the migration coefficient is closely correlated with weight of 
grain on any given area, whilst it is not correlated, or 
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negatively so, with weight of straw. In other words, the 
migration coefficient is mainly a racial character, whilst 
weight of grain on any area, although to some extent related 
to race, is predominantly determined by environment. 

In many cases I have determined the percentage of the 
ratio of grain to straw on the F.3, F.4 and F.5 generations of 
my hybrid cultures, and I have always done so for each plot 
of the chequer-board cultures. The result is written as, for 
instance, M=50, where the entire dry weight of the plant 
is 500 and that of the dry ears 250 grammes. This figure 
varies from about 45 to 55 in different seasons, and as between 
different races in the same season. For strict accuracy it 
should be calculated on the weight of grain only, but for 
comparative purposes there is no appreciable error in using 
the ear weights instead of the grain weights in the case of 
barley, because the ratio of the weight of the grain to that 
of the ear, in the case of two-rowed barley, is constant within 
narrow limits. 

As a measure of comparison between races, which in any 
one and the same season have been cultivated under approxi- 
mately equal conditions, the migration coefficient is a much 
more constant character than either the number of tillers or 
the size of the heads, and even in different seasons the several 
races maintain much the same order of merit in this respect, 
although, of course, all of them may be much better in one 
year than in another. 

Tables LV and LVI — ^given opposite — illustrate this 
statement. 

It is shown from these chequer-board results that a 
relatively high or low migration coefficient is an inherited 
character of certain races. With the exception of the year 
1922 Plumage-Archer has in every year the highest migration 
coefficient. Differences in the migration factor, even on quite 
small plots, unlike those of the gross weight of grain, are 
nearly always ‘significant’. These differences are such that 
in the chequer-board plots the odds are often 1,000 to 1 
against their being due to chance. There is also good evidence 
that the migration factor is less dependent on soil effects than 
is the relative tillering capacity of races. 

The migration coefficient does not, of course, always 
determine relative yields of grain. If the total weight of 



Table LV. — Warminster Chequer-board Plots. Hybrid and 
‘Pure’ Races. Average weight of ears as a percentage of 
average weight of plants (highest in heavy type) 


No. of 
Plots 

Year 

Hybrid I 
Spratt-Archer 
37/6 

Hybrid 

Plumage-Archer 

‘Pure’ race 
Archer 

‘Pure’ race 
Plumage 

20 

1 1919 


574 

54-6 

54-7 

15 

1920 

. . 

47-6 

470 

46-5 

16 

1921 

57*2 

573 

56-5 

55-7 

16 

1922 

508 

490 

49-9 

. . 

16 

1928 


540 

52-9 

52*9 

20 

1924 

47*3 

491 

47-3 

48-0 

20 

1925 

54-8 

581 

56-0 

57-2 

16 

1926 

48*4 

530 

51-4 

50-7 

20 

1927 

470 

503 


, . 

16 

1928 

44-5 

47-4 


. . 

20 

1929 

52-6 

676 

•• 

•• 

8 years’ average 

50*8 

587 

•• 


7 years 

’ average 

-• 

53-8 

52-2 

52*2 


Table LVI. — ^Warminster Chequer-board Plots. Hybrid Races. 
Average weight of ears as a percentage of average weight of 
plants (highest in heavy type) 


No. of 
plots 

Year 

Plumage- 

Archer 

1924 

Spratt-Archer 

37, No. 3 

Plumage- 

Archer 

1935 

Golden- 

Archer 

35/51/S. 

S4/12/3 

ex 

Essex 

ex 

Ireland 

20 

1930 

52*6 

52-4 


55-0 




16 

1931 

48-9 

46-9 

. . 

61*8 

. , 


, , 

10 

1932 

59-5 

58-5 

, , 

60-5 

. , 



20 

1933 

51-4 

48-8 

48-9 

58*0 

50-3 


, . 

20 

1984 

56-9 

55-6 

55-6 

57-8 

55-6 


. . 

20 

1936 

51-7 

50-8 

. . 

54-5 

51*5 


f52-3 

20 

1937 

50-9 

49-1 

48-9 

583 

49-6 


510 

20 

1938 

, , 

, , 

54-0 

66-7 

53-8 

’Ph" 

55-2 

20 

1939 

. , 

, , 

44-5 

601 

461 


1 50-0 

20 

1940 



53-2 

559 

52-8 


[55-S 


Averages : 

10 years — 1930-40 


7 years — 1930-37 


6 years — 1933-40 
(excluding 1936) 


5 years — 1986-40 


f Spratt-Archer 37, No. 3 . 

, 

. 51-4 

\ Plumage- Archer 1935 

. 

. 64*7 

rPlumage- Archer 1924 

. 

. 531 

< Spratt-Archer 37, No. 3 (ex 

Essex ). 

. 51*7 

(Plumage-Archer 1935 

. 

. 548 

r Spratt-Archer 37, No. 8 (ex 

Ireland) 

. 50-85 

< Plumage-Archer 1935 

. 

. 541 

Golden- Archer 35/51/S. . 

. 

. 51-4 

("Plumage- Archer 1935 

. 

. 53*9 

< Golden- Archer 35/51 S. . 

. 

. 50-8 

^54/12/3 .... 

• 

. 52-8 


Differences of about *7 in any one year and of about -3 in the 
averages for 8 years are '‘significant. 
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the plants, that is, grain and straw together, of any race is 
very low, even a high migration coefficient will not mean a 
high yield. For instance, in comparing Spratt-Archer with 
Plumage-Archer, the greater vigour of the former in the 
seedling stage and consequent higher plant weight on unit 
area more often than not compensates for its lower migration 
coefficient. 

There is at present no race known to me in which these two 
factors of productivity are both at the optimum and which 
at the same time persistently yields grain of relatively high 
malting quality. It remains to endeavour to bring about 
these desiderata by further experiments in hybridization 
combined with biometrical examination of the results. 


Inheritance of Nitrogen Content 

As in the case of the migration coefficient, so in the case 
of nitrogen content we are able to determine small differences 
with a high degree of accuracy in chequer-board experiments, 
and thus make sure whether these are due to racial or 
extrinsic conditions. 

The results of the chequer-board experiments at Warminster, 
taken together with those obtained on the field plots, and 
those carried out by the National Institute of Agricultural 
Botany, sufficiently establish the fact that relative nitrogen 
content is an inherited character of races, but of course this 
can only be established when the races are grown under 
parallel conditions. Climate, soil, and effects of manures 
will always be overruling factors. 

Tables LVII and LVIII, given opposite, show the differ- 
ences in nitrogen content between different races for the 
period 1919-40 (excluding 1985). 

These results are fairly good evidence that nitrogen content 
is an inherited character. In the first period (1919-29) 
Plumage-Archer — ^with the exception of four years — ^has the 
lowest nitrogen content. In the second period 54/12/8, which 
was specially selected for low nitrogen, is consistent in this 
respect and has a lower average nitrogen content than either 
of the races with which it is compared. 

Note. — I have satisfied myself that Spratt-Archer 87/6 has 
a higher average nitrogen content than the standard race. 



Table LVII. — ^Warminster Chequer-board Plots. Hybrid and 
‘Pure’ Races. Average nitrogen per cent, of grain (lowest 
in heavy type *) 


No. of 
Plots 

Year 

Hybrid 

Spratt-Archer 

37/6 

Hybrid 

Plumage-Archer 

‘Pure’ race 
Archer 

‘Pure’ race 
Plumage 

20 

1919 


1-38 

1-46 

1-34 

15 

1920 

. , 

1-78 

203 

1*90 

16 

1921 

1-81 

1-73 

1-80 

1-79 

16 

1922 

200 

1-90 

210 

. , 

16 

1923 

, . 

1-52 

146 

1-56 

20 

1924 

1*87 

1-78 

1*89 

1-82 

20 

1925 

1*57 

1*52 

1-54 

1-46 

16 

1926 

1-71 

1*70 

1-72 

167 

20 

1927 

1*77 

1-50 


. . 

16 

1928 

1*59 

136 

. . 


20 

1929 

1-59 

133 

•* 

" 

8 years’ average 

1-74 

1-69 



7 years’ average 

•* 

•• 

1-70 

1-65 


* Low nitrogen indicates good quality. 


Table LVIII. — ^Warminster Chequer-board Plots. Hybrid Races/ 
Average nitrogen per cent, of grain (lowest in heavy type *) 


No. of 
plots 

Year 

Plumage- 

Archer 

1924 

Spratt-Archer 
87, No. 3 

Plumage- 

Archer 

1935 

Golden- 

Archer 

35/51/S. 

54/12/a 

ex 

Essex 

ex 

Ireland 

20 

1930 

1-45 

1-49 


150 




16 

1931 

1-60 

1-64 

, . 

1-56 




10 

1932 

r-89 

1-75 

, . 

1-84 

. . 



20 

1933 

1-21 

1-36 

1-39 

1-28 

1-30 


, . 

20 

1934 

1*45 

1-48 

1-54 

1-49 

1-54 



20 

1936 

1*58 

1-58 

. , 

1-57 

1-64 


ri53 

20 

1937 

1-43 

1*41 

1-39 

1-38 

1-42 


1-30 

20 

! 1938 

, , 

. , 

1-36 

1-36 

1-37 


1-26 

20 

i 1939 


, . 

1-51 

1*42 

1-61 


133 

20 

1940 


• • 

1-46 

1 

1-50 

1-53 

1 

ll-41 


Averages : 

10 years — 1930^0 


7 years — 1930-37 

6 years — 1933-40 
(excluding 1936) 

5 years — 1936-40 


{ Spratt-Archer 
Plumage- Archer 1935 
fPlumage-Archer 1924 
Spratt-Archer 37, No. 3 (ex 
\^Plumage- Archer 1935 
f Spratt-Archer 37, No. 3 (ex 
■< Plumage- Archer 1935 
l^Golden-Archer 35/51/S. . 
f Plumage- Archer 1935 
^ Golden-Archer 36/51S. . 
1^54/12/3 .... 


* * 

. 1-50 

. 1-49 

. 1-52 

Essex) . 

. 1-53 

. 1-62 

Ireland) 

. 1-44 

. 1*40 

. 

. 1*47 


. 1*45 


. 1-51 

. 

. 1*37 


Differences of about *08 per cent, in any one year and of about 
*03 per cent, in the averages for 8 years are probably ^ signijicanV. 
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37, No. 3, now generally cultivated in England. This fact, 
however, in no way invalidates the evidence that relative 
nitrogen content is an inherited character as between the 
races compared. 

The following table shows the inheritance of nitrogen 
content in two races. 54/12/8 and Spratt -Archer 87, No. 3, 
(1) in the Warminster chequer-board plots for five years, 
1936-40; and (2) in 1940 at five different stations of the 
National Institute of Agricultural Botany. 


Table LIX. — (1) Warminster Chequer-board. (2) N.I.A.B., 
1940. Lowest in heavy type 



54/12/3 

(1) 

S.A. 

37, No. 3 


54/12/8 

(2) 

S.A. 

87, No. 3 

1936. 


1S3 

1-58 

Somerset 


1*44 

1-44 

1937. 


1-30 

1*39 

Hants 


1-66 

1*81 

1938. 


126 

1-86 

Salop 


130 

1*38 

1939. 


133 

1-51 

Norfolk 


1-55 

1-60 

1940. 


141 

1-46 

Yorks 


1-67 

1-67 

Avg. 

• 

1-37 

1*46 

Avg. 

• 

1-50 

1-58 


Average of 10 cases: r 5411218 . . . 1-44 

» „ S.A. 37, No. 8 . 1-62 

54/12/3 was specially selected for low nitrogen content. 


It can now be demonstrated that there are at least six 
characters’ in barley which are differentially inherited — all 
of which have some effect on either productivity (i.e. yield 
of grain per acre), or on the quality of the grain. These are : 

1. Viability — ^ratio of number of surviving plants on unit 

area to number of seeds sown. 

2. Ear survival — ^number of ears per plant surviving at 

harvest to ripe stage. 

3. Number of grains per ear. 

4. Weight per 1,000 grains. 

5. The migration coefficient — ^ratio of weight of grain to 

total weight of plant. 

6. Nitrogen content of ripe grain. 

Note. — i and 6 are criteria of ‘quality’ of grain. 
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Other possible inherited variables are: content of potash, 
phosphates, and other constituents of the grain which may 
influence productivity or quality; and characters of the stem, 
leaves, and length of growing period. 

All the variable characters may be differentially inherited 
quantitatively, that is to say, there may be three or more 
‘degrees’ of viability, or of any of the other inherited 
characters above numerated. The old ‘presence or absence’ 
of genes is now exploded. 

The average barley acreage in England and Wales over a 
series of years is about 1 million. The number of plants per 
acre is about 0*5 million and the number of seeds per plant 
is about 40. The total number of seeds produced in a year 
may thus be 2 These, in my opinion, may each 

possess 20 heritable characters. If the races are now com- 
pared merely on ‘A’ or not ‘A’ characters, e.g. if one is more 
or less viable than another, the total number of different 
possibilities is 2^0, which is over a million, while if the 
characters are continuously variable the odds are many 
millions to one against the progeny of any one plant being 
homozygous in all characters. 

What then becomes of the idea that there are pure hnes 
(or pure races) of barley, or of any race of plant naturally or 
artificially hybridized? How then can seedsmen guarantee 
90 per cent, purity in what they offer for sale, seeing that even 
the purest strain can vary in its degrees of a number of charac- 
teristics? What is obviously meant is that it is not possible 
by mere eye observation to pick out more than 10 per cent, 
of the surviving plants of the resulting crop which differ from 
the remainder in some observable morphological character, 
generally (in the case of the cereals) the shape of the ear. But 
there are other non-observable characters, up to about twenty 
in number, which may vary independently of the observable 
characters and which may affect both yield and quality to an 
even greater extent than the observed characters. 
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Uniformity of Inherited Characters 

There has been some disposition to associate ‘hetero- 
zygosity’, which is the Mendelian term for ‘splitting’, with 
increased constitutional vigour. It is fully agreed that the 
plants grown from the seeds actually resulting from a cross 
are exceptionally vigorous and there is no doubt that these 
plants are ‘heterozygotes’. This was Darwin’s conclusion 
and it harmonizes with the experience of all breeders. 

But it has never been definitely shown that any extra 
vigour is associated with heterozygosity in succeeding self- 
fertilized generations of cereals, and it is very desirable that 
this point should be settled by an extended series of experi- 
ments covering the whole ground. I am of the opinion that 
a certain degree (perhaps a substantial degree) of hetero- 
zygosity is desirable in cereals. I suspect (without being at 
all sure) that the desirable kinds of heterozygosity are in the 
root system, which has not been selected for and which, in 
fact, we know very little about. It is quite conceivable that 
a blend of root characters amongst the individuals of a race 
would be beneficial. 

Most of us woxald agree that a mixture of barley and oats 
gives more vigorous plants and more grain per acre three 
times out of four than either cereal grown separately would 
give, and, if this is the case, why not a mixture of somewhat 
differing individuals of the same species ? A mixture of races 
(if it is a judicious blend) will often produce a bigger crop 
than a ‘pure-bred’ race. 

There is, however, at present rather a craze for purity of 
race. A grower is inclined to think there must be something 
very wrong if he gets seed which gives him a crop in which 
he finds one or two ‘rogues’ in every hundred plants. It is 
quite possible that if he could see the internal organs of the 
plants he would find a great many more. No plant breeder 
of any kind, of grain can guarantee so-caUed ‘purity’ even 
in the powth of a few acres, because there are a score of ways 
by which a few odd grains may get into any stock, such as 
by accidental mixtures during sto?:ing, drilling, harvesting 
and threshing. It should be quite understood that some 
admixture is inevitable in the course of time, and that such 
as occurs with ordinary care has a quite negligible effect on 
the value of the crop. 
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INFLUENCE OF RELATIONS BETWEEN 
INHERITED CHARACTERS 

Relation between Migration and Yield 

Very strong confirmatory evidence of a persistent relation 
between migration and yield is derived from the Rothamsted 
records of the past ninety years, and is another instance, if 
any were needed, of the immense debt which agriculture owes 
to Lawes and Gilbert. 

The study several years ago of some olcj figures of Sir 
Henry Gilbert’s, published in 1884, first suggested to me that 
the factor of migration might be of great importance in cereal 
breeding. 

The original figures referred to are those for the wheat crop 
grown at Rothamsfced with farmyard manure in the sixteen 
years from 1848 to 1863, viz., (1) Dry weight of grain per 
acre; (2) Dry weight of straw per acre; (3) Ratio of grain 
to straw; (4) Nitrogen as a percentage of dry matter of grain 
and of straw; (5) Nitrogen contained in the produce per acre 
of grain and of straw.^ 

From these figures there was calculated the proportion of 
the total nitrogen of the plant which was accumulated in the 
grain in each year. This calculation showed a remarkably 
close concordance between this ratio (which we may call the 
‘ coefficient of nitrogen migration ’) and the dry weight of the 
grain per acre. Obviously the ‘uplift’ of the nitrogenous 
matter is a function of the individual plants composing the 
crops, and the definite and persistent relation to the number 
of bushels of grain per acre was a first hint of the possibility 
of using a ‘migration’ factor in selecting races for productivity. 

'In 1863, the best year of the sixteen, when the dry weight 
of the grain was 2,442 lbs., no less than 80‘4 per cent, of the 
total nitrogen of the crop was accumulated in the grain; only 
19-6 per cent, was left behind in the straw. In 1853, the 

1 Journ . Chemical Society , 1884, pp. 305-407. 
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Table LX.— Rothamsted Wheat, 1848-68. Farmyard Manure. Relation of ‘Migration’ to Yield 
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(max.) and the regression equation is G ==3,260 (1 — N). There is no evidence that this correlation applies to barley. 
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worst year, when the dry weight of the grain was only 899 lbs., 
only 44-3 per cent, of the total nitrogen was found in the 
grain, and the remaining 55-7 per cent, was left behind in 
the straw. 

As a corollary to this, whilst the straw in 1863 contained 
only 0*25 per cent, of nitrogen, in 1853 it contained 0*73 per 
cent, of nitrogen.^ In respect of nitrogen content the straw 
was in this bad year three times as good feeding material, if 
(as is doubtful) it was as good in other respects. Sir Henry 
Gilbert noted the frequently increased feeding value of straw 
in those years when the yield of grain is low. 

Table LX shows that the concordance year by year of these 
factors with the yield per acre is so close that if the relation 
had been known beforehand it would have been possible to 
estimate the yield of grain very closely without weighing the 
crop simply by determining the nitrogen content in an 
average sample of the straw. In eight years out of the sixteen 
the yield was within 5 per cent, of the figure obtained by such 
a calculation, and only in three years was the difference more 
than 10 per cent. Vice versa, knowing the weight of the 
grain on an acre, the composition of the straw in respect of 
nitrogen content could be calculated within 0*1 per cent, of 
nitrogen, wliich is no more than the probable error of sampling 
and analysis. 

When we consider that the combined experimental errors 
in the recorded weights of the crop and in the sampling and 
analysis of the produce are probably quite 10 per cent., this 
is a remarkable correspondence. At the same time, it is 
what might be expected. It demonstrates that as between 
different seasons the difference in yield of grain on the same 
land and with the same manuring is far less closely related 
to the total weight of the plant (grain and straw together) 
than to the upward migration of the nitrogenous matters 
mainly formed, first in the stem and leaves, and afterwards 
transferred to the grain — ^in a good year to the extent of 
80 per cent, of the total, but in a very bad year to the extent 
of only about half that proportion. 

This upward drift of nitrogenous matter is undoubtedly a 
measure of the activity of the protoplasm of the plant in the 
critical period of grain formation. 

^ On dry weight of straw. 


Y 
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Now, it does not necessarily follow that the structures and 
functions of the plant, which are responsible for either good 
or bad yields in different years, are those in which there are 
differences as between varieties and races of the same species, 
giving us persistent differences in potential yielding capacity. 

But there is at least a prima fade presumption that this is 
so; and when we find that different races of barley show, in 
the same season and on similar soil, weU-marked differences 
of the same nature, and that these differences are persistent, 
we have added confidence in attaching high value to the 
migration coefficient for purposes of selection. 

In practically every season at Warminster since I have 
made these determinations in systematically arranged nursery 
and field plots, the highest yields of barley have been given 
by those races which show the highest migration coefficient. 

The converse is not always the case, and the order of merit 
of all the different races compared has not always been the 
same in respect of yield and of the migration coefficient, but 
there has been in every season a general correspondence 
between the two. 

Table LXI opposite shows the correlation between yield 
of grain and migration for eight races from 1912 to 1919. 
It also shows that the relation between yield of grain 
and migration, although not generally as closely parallel as 
in 1912, has been fairly parallel in other years, and also that 
the differences between the races, when grown on the same 
soil, are persistent from year to year with few exceptions. 

Relation of Migration to Nitrogen Content 

Munro and I, after our fairly exhaustive examination of 
Rothamsted barley samples (see Chapters XX and XXI), 
called attention to the fact that high ratio of grain to straw, 
which is of course consequent on a high migration coefficient, 
was highly correlated with low nitrogen content of the grain 
when the comparison, was between samples of grain grown 
under differing extrinsic conditions, that is to say, as in the 
case of the Rothamsted samples, under a considerable range 
of weather and soil conditions. 

This suggested to me, after I had assembled all my own 
records of migration coefficients and nitrogen contents of 



Table LXL— Warminster Plots— Correlation of Yield of Grain and ‘Migration’ 
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The mean of the conelation coefficients of yield and migration in the 8 experiments is approximately -8 wtli a probable error 
of less than 1. The letters in brackets attached to some of the numbers indicate the same races in successive years. 

Hybrids: (H)=P.A. 14/145. (HI) =P. A. 14/46/55. 

Parents: (P)=Plumage. (PI) =English Archer. 
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different races, that it might be worth while to see whether 
what held good for effects of external conditions also held 
good as between different races. In other words, do those 
races which inherit relatively high grain-forming capacity in 
the individual plants (as we know some races do), which is 
favourable to the yield of grain, also inherit tendency to 
relatively low nitrogen content of grain? If so, we should 
obviously select races in which both these characters appear. 

Dr. F. G. Gregory, of the Botany Department of the 
Imperial College of Science, kindly analysed statistically the 
records for these two characters of all the races grown at 
Warminster on twenty-two chequer-boards, each planted 
with eight races. The period was from 1910 to 1930. It is 
difficult to make these figures intelligible in the form of a 
table, but they indicate clearly that races selected for both 
high migration and low nitrogen content more often than not 
turn out to be high yielders also. 

Relations between Tillering, Migration and 
Nitrogen as Factors of Yield 

High tillering and migration, and low nitrogen content of 
the grain I have found to be the main factors of yield in 
barley. 

A combination of high value of these factors gave for two 
years out of three in my nursery plots high value of grain 
per acre, and I therefore regard these characters as useful to 
the plant breeder in selecting parent stocks before yield could 
be equally well estimated. 

This method of selection is justified because differences 
in these three characters, each obviously available, are, I 
believe, inherited ; whereas some of the factors used fluctuate 
differentially as between races to a much greater extent with 
soil and season. 

Since in practice nine out of ten of the cultures which are 
raised (even to the chequer-board stage) in experimentation 
have to be discarded, the factors of productivity and quality 
which we have considered are helpful, at any rate in a negative 
sense. A race which gives no indication of inheriting either 
high tillering capacity, or a high migration coefficient, or a 
low nitrogen content, may safely be discarded in this stage 
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of trial. On the other hand, if a race could be produced 
which inherited all these characters to an over-average degree, 
it would almost certainly have a higher economic value than 
any race at present in existence. Such a race has not yet 
appeared: to expect such a production is perhaps a ‘counsel 
of perfection’, but it is worth working for. 


Prediction of the Yield of Barley 

The breeder of any hybrid cereal requires to adopt methods 
which will give indications of value at an early stage in the 
multiplication of his individual plants. Nothing in the way 
of plant selection can be done until the F.3 generation is 
reached, and by this time there will be some hundreds of 
plants, any one of which may be a more desirable parent of 
a new race than any other. It is impossible to distinguish 
effectively between inherited and fluctuating differences due 
to environment at this stage. At least 2,000 plants of any 
single plant culture must be raised and compared with a 
similar number of other plant cultures before this distinction 
can begin to be established and comparisons made of genetic 
characters. To bring hundreds of cultures to the stage of 
field trials would require very extensive areas, expenditure 
and time. 

The weight of grain produced on a unit area is given 
sufficiently closely by the formula N xT xE, when N is the 
number of plants per plot, T the average number of tillers 
surviving to produce ears, and E the average weight per ear. 

The same yield is also given by N x P x M, when N is (as 
before) the number of plants per plot, P the average weight 
of the entire plants, and M the migration coefficient (i.e. the 
ratio of weight of ears to weight of the entire plant). This 
is therefore TE/P. It follows, of course, that PM=TE, and 
is the mean weight of ears per plant. 



CHAPTER XXXII 


(1) ORIGINAL OBSERVATIONS ON GENERAL 
EXPERIMENTAL POLICY. (2) EXPLANATORY 
NOTES ON AND CONCLUSIONS FROM AUTHOR’S 
TABLE OF CORRELATION COEFFICIENTS 
(Table A), AND SUPPLEMENTARY TABLES 
(Tables B-E), WITH SUMMARY OF CORRELA- 
TIONS AND OTHER STATISTICAL RESULTS, by 
G. S. PHILLPOTTS 

( 1 ) 

The foregoing outline of the Warminster experiments estab- 
lishes the fact that as between races of barley grown under 
similar extrinsic conditions productivity is correlated with 
(1) vegetative vigour (indicated by root and shoot develop- 
ment of individual plants): (2) seed-forming energy (as 
indicated by the migration coefficient); and that the latter 
factor is correlated with low nitrogen content, so that in the 
case of barley there is some correlation between good yield 
and low nitrogen content. . 

The compilation and analysis of the factors which affect 
either productivity or the quality of the seed for industrial 
uses will provide tasks for many generations of competent 
plant breeders. Up to the present we have been content to 
rely mainly on empirical methods and results in our efforts 
towards crop improvements. 

' The history of the steady development of some of our crops, 
e.g. sugar-beet, is an encouragement to continue our efforts. 

We have made a big advance in breeding for yield, but no 
doubt there is still room for a further step forward. The 
problem for the plant breeder is to find methods to measure 
racial differences at the seedling and at the grain-forming 
periods with a view to establishing their heritability early 
enough to shorten the period of probation. 

If we are to make the optimum use of fertilizers we must 
breed races that will stand up to rich soil conditions. Tillage 
and suitable races will effect some increase in yield, but a 
further advance can be made by way of fertilizers. 

342 • 
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I have been aiming at stiff-strawed races all along. 
Plumage-Archer, for instance, stands up much better than 
does either of its parents. Unfortimately nearly all the very 
stiff-strawed barleys are bad ‘malters’, but, notwithstanding 
this, it is the right aim to have in view. We must discover 
which are the morphological and physiological characters 
which help cereals to ‘stand up’. I think that anchorage by 
the root system should be taken into account and I feel sure 
that it is to more knowledge of the root system that we must 
look to obtain any considerable advance in these respects. 

In breeding for vigour, I maintain that the most important 
factor is the judicious choice of original parents. You can’t 
put into a race something which is not potentially present in 
the parents. You can re-combine characters, but you may 
easily preclude something which is valuable for vigour as well 
as for quality. 

From past records I have observed that the best parent 
plants are those which give: 

(1) Highest number of average ears per plant (tillering).^ 

(2) Highest average weight of ears per plant. 

(3) Highest ratio of grain to straw (migration).^ 

(4) Highest average weight per ear. 

(5) Low nitrogen content (quality).^ 

The average agricultural worker (like myself) is absolutely 
incapable of understanding advanced statistical and bio- 
metrical theories. He cannot grasp the meanin 
vocabulary and symbols employed: they only o 
vision. 

I would lay down a few simple rules for the 
experimenter, viz., 

1. Be satisfied to compare two problems at a 

2. Don’t bother your head with any more t 

simplest arithmetic. ‘Data’ are good 

bad masters, especially ‘mathematical’ 

3. Don’t think too much of such, terms 

deviation ‘ degrees of freedom or ‘ ra 

4. Think only of averages and of differenc^^: 

(mean and mean deviations), and Pf 

1 (1), (8) and (5) appear to be the most reliable 
chequer-board experiments. 
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of the differences between averages as revealed by 
these mean differences of pairs. Then only three or 
four symbols will be required, each of which can be 
visualized as quantities. 

5. Repeat and repeat your observations until the mean 

differences between pairs become negligible compared 
with the average differences. 

6. Rely on repetition and on intelligent choice of material 

and methods to avoid systematic error. 

Agricultural experiments can only lead to approximate con- 
clusions because of the complexity of the material, therefore 
complete mathematical accmacy is not possible. 


( 2 ) 

NOTES AND CONCLUSIONS 
(Foe, Tables A-E see End of Chapter) 

General Notes on Coeeelations 

I WAS asked to make out the conclusions to be drawn from 
the correlations based on the twenty -five years’ work in the 
cage experiments at Warnunster shown in Table A. Dr. 
Beaven had from time to time made out correlations between 
the more important figures, but unfortunately did not com- 
plete all of them for the whole period nor the intercorrelations 
between each one of the nine different factors which were 
measured. 

Consequently although in the main all the results given 
below bear out his interim conclusions, yet in a few particulars 
certain modifications have had to be made. 

In addition, where results of Irish experiments (conducted 
jointly by the Department of Agriculture and Messrs. 
Guinness) had an obvious bearing on the questions discussed, 
these have been included as well. 

I would hke to add that my thanks are due to Mr. E. 
Somerfield for his advice on statistical points 'and especially 
to Mr. John Byrne (both of James’s Gate, Dublin) for 
making out the enormous number of correlations and 
other calculations upon which these conclusions have been 
based. 
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Chequer-board plots were made of different races at 
Warminster for twenty-five years between 1912 and 1940 
(excluding 1916, 1917, 1918), and in 1914, 1921, 1928 and 1929 
additional series were added. As a rule each year eight races 
were grown, but in 1927 only six races were compared, and 
in the two series of 1928 and also in 1932 seven races were 
compared. Generally 20 plots were made of each race, 
making 160 altogether, but this figure was not invariable; 
the smallest number of all was in 1932, when there were 
only 10 replications, making 70 plots in the whole chequer- 
board. 

The following figures were measured each year and averaged 
for all the plots of each race : 

1. Number of plants per square yard surviving to harvest. 

2. Number of ears per plant. 

8. 1,000 corn weight corrected to dry matter. 

4. Number of corns per ear. 

5. Weight per ear. 

6. Total weight per plant. 

7. The ‘migration’ figure, i.e. the weight of ears divided by 

weight of whole plant. 

8. Percentage of nitrogen in the grain, and 

9. The yield. 


The method of seeding was to sow 108 seeds per square yard, 
which is equivalent to about 42 lbs. per acre as against the 
normal agricultural field practice of, say, 140 lbs. per acre, 
or about 355 seeds per square yard. 

In these plots, out of the 108 seeds sown about 95 survived 
per square yard, or 460,000 per acre; whereas in a field the 
number surviving is considerably more, say, 680,000 per acre; 
in the cage experiment 88 per cent, survived, while in a field 
only about 40 per cent, survive. 

The correlations were made by the ‘ranking’ method; for 
each factor the lowest would be marked 1 and the highest 
(with 8 races) 8, and the correlations made by the Spearman 
formula : 

, 6S(d2) 


( Correction for m ties 


m(m^ -l)^ 


12 
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and then each of the 9 factors measured was correlated with 
every one of the others, thus giving 36 correlations each year, 
altogether 1,044 correlations from the , 29 comparisons (25 
years and 4 duplicates).^ Averages were then made for each 
of these correlations for the whole 29 eases, and by com- 
paring the number of times in which the correlations were 
positive or negative one could get an estimate of the prob- 
ability of such a distribution of positive and negative by 
chance. 

Another interesting comparison made was to see how far 
ordinary correlations between the yearly averages of these 
factors (averages of all the races together) compared with 
those Spearman correlations got above comparing race by 
race within single years. In Table B all these correlations 
are given; the top left-hand figure of each space is the 
average of the 29 ranking correlations obtained in each 
chequer-board race by race, to the right (in brackets) is given 
the probability of a chance distribution of positive and 
negative correlations as uneven as actually occurred in those 
29 comparisons; then in the second line on the left the 
correlations of the 25 years comparing the actual average 
factors in each year; and to the right a similar comparison 
made, but by successive differences so as to eliminate a 
certain amount of periodic changes which might have been 
expected to take place. 

The more important features in that table may be briefly 
mentioned. 


Correlations with Yield 

There are significant correlations with the 
number of plants surviving per square yard, 
both comparing the races and also from year 
to year. 

With the number of ears per plant the race 
effect was less marked, but from year to year 
this factor was very important indeed, as 
over 50 per cent, of the variation in yield 
was associated with this feature — ^good conditions for early 
tillering are very important for a good yield. 


GO 

4 - 

(•OOO) 

+ •59 

+ •52 


+ •30 

(004) 

+ •74 

+ •81 

* 


^ All the individual correlations are given in Table E. 
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Similarly, if these two are combined together 

and so the number of ears per square yard are 
compared, higher correlations still are obtained, ^ 

as this figure includes everything in yield 

except the weight of the individual ears. 

On the whole there is a positive correlation 

between 1,000 corn weight and yield, but it is ^ 

small in all cases both as a racial and seasonal + 20 + -32 
figure. 

Wide-eared barleys tend to give high 1,000 corn weight but 
by no means necessarily a good yield, and, again, a race of 
barley which tillers well, i.e. has many ears per plant, tends 
to have (r=~*338, p = *012) a small 1,000 corn weight; 
similarly, even from season to season the number of ears per 
plant tends to give a small 1,000 corn weight, though not 
significantly (r = - -354, p = *164). 

The 1,000 corn weight as compared year by year may be 
regarded as indicating the relationship between the later and 
earlier conditions of growth. If barley begins to ‘shoot’ 
towards the end of June, the number of corns per ear, and so 
per acre, are probably fixed some time at the end of May or 
early in June. If weather conditions were good earlier, there 
will be at that time well-grown plants, a large number of 
efficient tillers and the prelude to a good number of corns per 
ear; if, however, afterwards the weather is unfavourable, 
unless tillers or plants die, adversity decreases the 1,000 corn 
weight ; conversely, with bad early conditions and favourable 
later ones but too late for appreciable tillering effects, there 
will only be a few corns, and, consequently, these will increase 
in size, so as to give a high 1,000 com weight. 

The number of corns per ear is also signifi- ^ (^ooiT 

cantly correlated with yield as between races, ^ ^ 

but insignificantly from season to season. + 23 + -33 

The weight of an ear is quite important as — ^ 

a racial character, but from year to year the 

correlation between this and yield is well below + -26 + *36 

significant values though appreciable. 

The total weight of a plant gives the biggest 

correlation of all for any single factor, both for 

races and also from year to year; it is a great +.86 +-90 

help to any race to have a large plant to “ 
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provide the material for a heavy yield; and even more so 
from year to year good conditions of growth are most 
important for a heavy crop. 

Migration^ or the percentage that the ears 

ar§ of the total plant (excluding roots), is a +*4a (-ooo) 

very important factor between different races ; 

from year to year however it is insignificant. 

Apparently good and bad years for yield are not produced 
by variations in the proportion that the plant puts into its 
ears nearly as much as by the size of the plant. There is a 
tendency for plants that grow well owing to external circum- 
stances to put a smaller proportion into the ears (correlations 
“ * 230 , - * 225 ), thus neutralizing some of the advantage that 
would be got by a larger plant; racially, however, this effect 
is much smaller, with a correlation of only - -085 between 
weight of plant and migration. However, if we make out 
partial correlations between migration with yield and of plant 
weight with yield, but with the other factor constant (thus 
including all the yield factors except number of plants), we 
obtain the following results : 



Correlations 

Simple 

i ^ ~ 

Partial 

At constant 

r = 

Migration: yield 

+ •431 


Plant wt. 

+ •563 


+ •188 

+ -075 

+ •765 

+ •672 

Plant wt. : yield 

+ •529 


Migration 

+ •630 


+ •856 

+ •905 

+ •941 

+ •950 


Regression coefficients 



Simple 

Partial 

Cwts per acre 

99 J9 

At constant 



1% migration 

+ •375 


Plant wt. 

+ •418 


+ •165 

+ •078 

+ •358 

+ •305 

1 grm. plant wt. 

- . i 

+2*32 


Migration 

+ 2-50 


99 99 

99 99 

+4*18 

+4-26 

+ 4-64 

+4-57 
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It will be noticed that at a constant migration per cent, the 
correlation between plant weight and yield is nearly unity for 
different seasons, but not nearly as high for different races 
within years: this of course is due to the high positive 
correlation between number of plants and plant weight in 
different seasons, but this is much smaller in the races. 

The nitrogen of the grain is significantly 
negatively correlated with the yield as between 
races, but far from significantly from year to 
year. This last result is remarkable, as under 
ordinary field conditions this negative correlation between 
yield and nitrogen may be marked. Two opposing factors 
are at work: firstly, the plant tends to absorb the available 
nitrogen from the ground and in general to divide it to a 
constant extent between the ear and the rest of the plant, 
so the higher the yield the lower the percentage of nitrogen 
in the ear; on the other hand, rich nitrogenous conditions in 
the ground give a big yield and yet a high percentage of 
nitrogen. Consequently these small negative correlations 
from year to year are really only the resultant of greater or 
of more negative than positive effects in different years. 


-•28 (-001) 
-■11 --29 


Other Correlations 

Number of Ears per Plant — Tillering . — ^There 

was a very slight tendency for the tillering to + ( 18 ) 

be associated with the number of plants per +.31 ^.gg 

square yard in the races; but, as would be 

expected, more markedly as between years, i.e. if the con- 
ditions were favourable less plants died, and there was also 
more tillering. 

Per cent. Migration . — A very significant 

negative correlation with nitrogen as between (-oos) 

races, but insignificant in seasons. It seems _.oi _.28 

that different races tend to put a similar total 

proportion of nitrogen in the ears and body, so the greater, 
the proportion the ears are of the plant the less the per cent, 
nitrogen. As between seasons, however, this is hardly the 
case. 

There are positive correlations with average +•■*1 (-000) 

weight per ear as would be expected. 


-•29 

(•003) 

-•01 

-•28 


+ ■84 


+ •57 
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Nitrogen and Ear Weight . — ^Between races 
there is a slight negative connection. When 
comparing races in a chequer-board experi- 
ment, the normal effect of a heavy ear being 


-•26 

(•031) 

+ •33 

-•30 


associated with absence of tillering and so with high nitrogen 
content has but little effect; as between seasons, however, 
the results are contradictory, very probably for this reason. 


At the bottom of correlation Table B a number of figures 
connected with the standard errors are given. In the upper 
line the standard errors are shown of the races for each 
chequer-board experiment. These figures were not made out 
normally but from the difference between the maximum and 
the minimum in each, and then from the mean square of these 
29 figures the standard error is calculated ^ on the assumption 
that there were eight races in each comparison. The standard 
errors in the lower two fines are made directly from the actual 
yearly figures (26 cases). 

In the next fine down of Table B, on the left [Standard 
Errors Ratios (A)], it will be seen that the standard error of 
races within the year is about half of that of the actual from 
year to year, the ratios generally varying from about -4 to -6, 
but in the number of corns per ear the standard error of races 
inside the year is practically the same as that of the averages 
from year to year. 

Next on the right, comparing the standard error of suc- 
cessive differences between years with that of the actual years, 
if there were no connection from year to year one would 
expect the ratio to be about 1’4. Actually it will be seen 
that as a rule the figure is considerably higher than this, 
tending to show that there are negative connections between 
weather or other conditions from year to year which are 
sufficiently great to more than overcome the tendency for 
the quality of the races tested to be positively connected from 
year to year — and probably the inherent cultural conditions 
as weU. 

If we compare in the last columns the average figures for 


\ Integral of the Range in Normal Samples’ (E. S. Pearson 

and H. O. Bfeirtley, Biometnca, vol, 82, p. 308). 
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the first and second halves (12-|) ^ of the 25 years it will be 
seen that on the whole there is no difference in the number 
of plants per square yard, but the number of ears has in- 
creased appreciably, i.e. races with more tillering have been 
selected, but with a smaller increase in the total weight of 
the plant, and with decreases in the weight per ear, number 
of corns per ear and 1,000 corn weight. 

These features are of course associated with one another: 
increased tillering tends to reduce the 1,000 corn weight and 
the number of corns per ear with resultant greater loss of 
weight per ear. There has also been a marked rise in the 
migration coefficient and a fall in the nitrogen content, both 
of course the result of selection of races. The yield, however, 
shows only a very slight rise compared with what would 
be expected from the increase in tillering and migration, 
presumably due to exhaustion of the soil in the cage. 

Table C gives the regression factors corresponding with 
the correlations in Table B. Of course both correlation and 
regression coefficients are equally useful in their own way, 
but from different standpoints. 

Thus, to give an illustration in mortality figures, a Medical 
Officer of Health in Europe would normally find a high 
positive correlation from year to year between the number 
of cases of influenza and the general death rate from all 
causes, but an extremely small one with typhus, and so would 
regard influenza as much more important; whilst a patholo- 
gist might be more interested in typhus on account of the 
regression factors ; with influenza it would be of the order of 
one case giving -01 death but with typhus *5. 

Further, in certain cases, with the same disease the re- 
gression coefficients may give much more striking information 
about a change than the correlation figures; thus with the 
use of antitoxin treatment the deaths from diphtheria as 
a proportion of the total death rate (corresponding with 
correlation figures) fell quite appreciably; but the case 
mortality (i.e. regression coefficient) fell very much more — ^it 
was of the order of *3 and became more like *03 (the apparent 
number of cases having risen very considerably). 

So it is with the figures under consideration ; under ordinary 
conditions Table B is that which is of most interest as it tells 
1 Le. dividing the thirteenth year between the two periods. 
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one directly what proportion of the ordinary variations of 
yield, for instance, are associated with the ordinary variations 
in other factors and so their relative importance (i.e. the 
Medical Officer of Health’s attitude). But again, on some 
occasions the regression factors (Table C) may add fresh 
evidence that shows fundamental differences in the conditions 
of growth. 


Number of corns per ear and yield 


Correlation 
r = 

Regression 

1 com per ear gives 
.... cwts. per acre 

+ •267 


+ •328 


+ •231 

+ •335 

+ -693 

+ 1-47 


Thus, here the correlations between the number of corns 
per ear and the yield are very similar both in races and in 
years, but the regression factors show that from year to year 
the actual influence per com on the yield is from two to four 
times as great as racially within a year — ^within a year the 
advantage got by extra corns per ear is nearly counter- 
balanced by less ears per plant and per square yard, but from 
year to year extra corns tend to be a sign of good growing 
conditions and so of heavier corns and ears and yet as many 
or more per square yard. 

As the racial correlations between Yield-Nitrogen-Migration 
are very significant it was felt worth while to make out 
multiple correlation coefficients and regressions for Yield with 
Migration and Nitrogen (with the yearly figures the correla- 
tions were so small and insignificant that any regression 
figures would be worthless): 

Starting with the simplest method we can calculate from 
these average correlations — 

Yield : per cent. M. r = -i- •481 
Yield : per cent. N. r = - -285 
Per cent. M : per cent. N. r = - -287 

-—and from these we get a multiple correlation of Yield with 
Nitrogen and Migration of r = *468 ; and a regression equation 
of Yield in cwts. =8-51 -f -325 per cent. M. - 8-287 per cent. N. 
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with error of prediction 1 -33 cwts. per acre ; but it was thought 
that taking average correlations might obscure much of the 
relationship and so two other methods were tried. 

1. By making out the 29 multiple correlation coefficients 
of each chequer-board and from VAv of r^ we get r = -669, 
with S.E. of yield =1*49, error of prediction 1-11 cwts. per 
acre, which is half the 20 : 1 point of 2-22 and so highly 
significant, but it was not found possible to work out a 
multiple regression by this method. 

2. The correlations obtained in each of the 29 chequer-board 
experiments between Yield and Migration, Yield and Nitrogen, 
Nitrogen and Migration were each transformed to ®Z’, using 
Fisher’s transformation ^ : 

Z=i[log (1 +r) - log (1 ~r)] , 

The three averages of Z on conversion to r give the optimum 
value of r between each pair of variables : 

Yield : per cent. Migration r= 4'-512 
Yield : per cent. Nitrogen r = - *333 
per cent. Migration : per cent. Nitrogen r = - *379 

From these correlations we get r = -533 and the multiple 
regression of Yield on per cent. Migration and per cent. 
Nitrogen was then calculated in the usual way. Yield = 
5*05 -h *385 per cent. M. - *803 per cent. N. ; error of prediction 
1*27 cwts. per acre. 

Inherited Characters in Chequer-board Experiments 

One of the most useful features to know is how far the 
hereditary character of these factors associated with yield is 
overshadowed by the various cultural conditions in different 
years. If we compare one race with another, our main object 
is to get an increase in yield, but even by weighing twenty 
plots of each, race the error in the comparative yield tends to 
be quite large; consequently in selecting from a large number 
of races for further trials it may pay to select, at any rate at 
first, on the basis of other features that are highly correlated 
with yield, but require the measurement of very many less 
comparisons than yield does itself to get a high figure of 
probability. 

^ R. A. Fisher, Statistical Methods for Research Workers^ chap. vi. 

z 
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To do this it is necessary to find out how constant the 
differences in hereditary characters are from year to year 
between the same races. Thus, for instance, in six seasons 
‘ Plumage- Archer 1924’ was compared with ‘Golden Archer’, 
and the difference in ranking between the two in each of 
the nine factors was averaged out for the six seasons, and 
the squares of these differences were added together, and, 
similarly, those for comparisons of other races (but never 
taking less than four years’ comparisons); thus one got 
altogether a sum of 237 squares of differences for each of the 
nine factors, and this sum was divided by 237, and the square 
root extracted, thus getting S.E.s for each factor. As against 
this, a number of similar differences were made out at random, 
giving an S.E. of 2-924 (as compared with a true S.E. of 3-25, 
corrected for small numbers). By this method the S.E.s 
obtained for the various factors (as measured in ranking) were 
very different. The following table gives the results : 


• 

S.E. in 

ranking order 

Percentage migration 

1-57 

Weight of ear . . . • 

1-77 

No, of ears per plant 

1-83 

Weight per 1,000 corns . 

2*08 

Yield 

213 

Percentage nitrogen 

2*45 

No. of corns per ear 

2-61 

Weight of whole plant 

2-73 

No. of plants per square yard . 

2-83 

Purely chance figure 

2*92 


These figures show very clearly that in selecting new races 
from the chequer-board much the easiest method of makirig 
most of the discards is by considering the migration figure, 
the tillering capacity, and possibly the weight of the ear, as 
with a new race relatively few comparisons are necessary to 
get significant evidence as to its' value in these particulars; 
and it is improbable that any new race which is deficient in 
these particulars would have a relatively good yield. 

As regards nitrogen the position is more difficult, for under 
the circmnstances of this chequer-board comparison the S.E. 
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is quite high (2-45), so discarding from actual measurements 
is difficult. On the other hand, it is not so easy to work from 
other factors which have low S.E.s, thus the correlation of 
nitrogen with tillering is negligible but actually positive, with 
weight of ear and migration percentage negative but smaller 
and less significant than 5aeld with these; consequently, if 
one chooses races for tillering capacity, weight of ear and 
migration, the result is much more likely to have a good yield 
than a low nitrogen. 

It will be noticed that there is a conflict, of evidence as to 
how far nitrogen content is a racial hereditary characteristic. 
In the figures given in Dr. Beaven’s papers (Chapter XXX, 
Tables LVII, LVIII, LIX) it was certainly markedly so, but 
in the comparisons made by the present writer the hereditary 
nature appears to be insignificant. When taking out these 
figures it was noticed that in many of the comparisons 
(including those quoted in Dr. Beaven’s papers) the differences 
were extremely constant from year to year, but in many 
others most erratic. 

The cause of this discrepancy is not clear — ^possibly it is 
associated with the gradual elimination of high nitrogen 
races, so leaving differences in racial nitrogen too small for 
such methods of comparison. If this explanation is correct 
then one can make direct choice of desirable races for 
nitrogen as for those other factors. In actual field experi- 
ments there can be no doubt that relative nitrogen is one of 
the most constant characteristics when comparing different 
races of barley. 

It is also possible to get a direct comparison for the standard 
error of the differences between certain races with a consider- 
able number of years of comparison. All the cases with eight 
years or over were taken out and in Table D the results are 
given. The first thing that strikes one is the extraordinary 
variation in the standard errors in any individual measure- 
ments : thus, taking the first colunan, the standard error of 
the number of plants varies from 1-73 to 4-40 — a ratio of 2-54 
—and similarly these ratios vary from 1-90 for the number of 
ears to 3-34 for nitrogen percentage, and the odds (assuming 
8 cases in each comparison) of getting such ratios by chance 
are given below and are in nearly every case of the order of 
1 in 100 — ^very highly significant. 
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Again, this is not due to there being only extreme irregu- 
larities, for if, instead of comparing the ratio of the highest to 
the lowest S.E., we compare the second-highest to the second- 
lowest, we still get an average ratio for the nine features as 
high as 2*12. 

On the whole it will be seen that there is a tendency for the 
standard errors to be high or low in the same racial com- 
parison. Thus for each feature if we number the standard 
errors in order, giving 1 to the lowest and so up to 9 the 
highest, and then average all these figures, for each of the 
different comparisons we get the average order in the table 
varying from 1*78 for the comparison Golden Archer — 

‘ Plumage- Archer 1935^ to 6-67 for 'Plumage-Archer 1924’ — 

' Spratt-Archer 37/6’. Such differences are of course highly 
significant, even allowing for the fact that there is a certain 
amount of correlation between these various factors and so 
probably in their standard error. 

Below in this table the actual numerical differences are 
given in each of these features and a similar average order 
was made out — in this case irrespective of sign — and here the 
differences are considerably less. 

It was thought that it was quite possible that part of the 
variation, in the standard error might be associated with the 
size of the actual differences in the same feature, as these 
might represent fundamental reactions to external circum- 
stances, and there is some evidence that this is so, as on 
comparing in each of the features the order in the standard 
error with that of the actual differences we get a correlation 
of -i-*299 for the 81 cases (but not independent ones). 

One might expect that the smallest standard errors would 
be when races of similar parentage were compared. However 
it ^does not look as if they were associated with the type of 
ear; thus in the cases of both the two lowest S.E.s and the 
highest the comparisons are between wide and narrow, but 
with such a limited number of comparisons it is not possible 
to dogmatize. 

If we compare these standard errors divided by the com- 
parable figures of those in Table B for races it will be seen 
that in every case those in this table are lower than the 
others, ratios varying as a rule from half to three-quarters. 

It will be remembered that in Table B the standard errors 
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were obtained by calculation from the highest and lowest 
figures in each column whatever the race, whilst in Table D 
the standard eiTors are made out directly from comparisons 
of the same pairs of races separately; consequently, one 
would expect the latter to have the lower figures. 

It will also be noticed that, as a rule, the ratios are low 
with the most hereditary figures — e.g., migration, weight of 
ear and number of ears ; whilst with the nitrogen, weight of 
plant and corns per ear they are more nearly unity, and are 
less hereditary; the only exception being the number of 
plants. 


Corrolations : 9 cases (from Table D) 


Between 

Actual 

Standard 


differences 

errors 

Yield: per cent. Nitrogen .... 

+ •034 

+ •547 

Per cent. Migration: per cent. Nitrogen 

-•824 ' 

+ ■417 

Per cent. Migration : Yield . . . . i 

+ -27T 

+ 152 


These correlations were made in the nine racial com- 
parisons in Table D for the actual differences in Yield and 
Nitrogen, JVTigration and Nitrogen, and Migration and Yield, 
The figures for the first and last were insignificant but be- 
tween Migration and Nitrogen strongly negative. The corre- 
lations of the standard error for the same features, as would 
be expected, were all positive, but none of them significant 
for so few cases. 

Double Chequer-board Experiments in the 
Same Years 

One curious feature was noticed in the ranking correlations. 
One would expect in those years (1914, 1921, 1928 and 1929) 
when the chequer-boards contained two complete series that 
the various correlations between one factor and another would 
on the whole resemble one another, but actually this was not 
the case, and in certain features the correlations were quite 
exceptional, even compared with other years; thus, for 
instance, the correlations between Yield and Weight of Plant 
were — *71 for the first set in 1914 and + *48 for the second, 
and again in 1929 -*76 against +*29 for the second; these 
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were in fact the only negative correlations in this whole series 
of 29 cases, while the average of them is -H -53, and in other 
series as well there were more exceptional correlations in these 
duplicated years than would be expected by chance. 

Again, if we correlate together for these double years the 
differences that the firsts are from the average figures of that 
series of correlations with the similar figure for the seconds, 
one would expect to get on the whole a positive correlation 
as they were in the same season, but actually only three of 
the correlations are positive as against six negative, and the 
average of these nine correlations is - *11, a most remarkable 
result. 

These results are rather disturbing, and it is very difficult 
to see what can have been the cause of them. The method 
in such years was to sow all the first sets and then start on 
the second sets. The first sets were on the same ground as 
the chequer-boards in all previous years, the second sets in 
each of the four years followed a barley crop in the ground 
the season before, but before that not nearly as continuously 
as the first sets. 

It may be that in those years there was a tendency to sow 
the first series rather earlier than usual and probably the 
second sets later compared with the weather and the con- 
ditions of the ground, and this might have had the effect of 
producing different growth characteristics in the two sets of 
plots, although it seems a very far-fetched explanation, as 
given good weather conditions the custom was to sow a whole 
series in three or four days, so if the weather continued 
favourable the second series would average three to four days 
later than the first; actually in those four seasons the first 
took on the average seven days to sow and the second four 
and a half, making the latter nearly six days behind on the 
average, a small difference compared with the actual variations 
from March 12 to April 3 — three weeks — ^in starting to sow 
in these four years. 

Niteogen op Seed and Yield op subsequent Crop 
OP Barley 

It will be remembered that in direct experiments it was 
found that yield was positively correlated with the nitrogen 



Original Observations and Explanatory Notes 859 

content of the seed. If -we examine the annual figures for the 
checjuer-boards "we get 25 years in which we can compare 
nitrogen of the seed with the subsequent yield. Of course the 
comparison is not exact, as the barleys neither in the seed 
nor in the plots were identical in the two years, but on the 
whole they are fairly comparable and might be expected to 
be similar enough for this comparison, and, actually if corre- 
lated together year by year, we get correlations of +-255 
for the actual and + -201 by successive differences, while a 
regression factor of -1 per cent, nitrogen of seed gives -56 and 
•58 yield in cwts., per acre, respectively. 

The correlations themselves are very small and not nearly 
significant, and so do not give very much support to the 
tiieory that high nitrogen seed gives an appreciably better 
yield (by giving better start to the seedling). 

To see whether any further information can be obtained 
from the yearly averages of the Warminster figures, the 
nitrogen of one year is correlated -with the seven other 
features measured in the subsequent crop, -with the foUo-wing 
results : 


Correlations between per cent, nitrogen of barley of one season’s crop 


with subsequent 

r 

= 

Actual 

Successive 

differences 

Number of plants ..... 

+ •203 

+ •198 

Number of ears per plant .... 

+ •098 

+ •070 

Number of corns per ear .... 

+ •425 

+ •047 

Weight of plant ..... 

+ 093 

+ •054 

Weight of ear ..... 

+ 158 

+ •219 

Weight per 1,000 corns .... 

-•040 

+ ■232 

Migration coefficient .... 

+ •268 

+ •269 

Simple average 

+ •172 

+ •156 

c.f. yield 

+ •255 

-fi-201 


Most of the correlations are positive: the only appreciably 
significant, one is -with the number of corns per ear — ‘actual’ 
r= -f- -425 (p = -04), but this is one of the features which would 
hardly be expected to be affected by the nitrogen content of 
seed, so one must regard the connection as a chance one, 
especially as it is not confirmed by the ‘ successive difference ’ 
correlation + -047. In the direct experiments in 1911 it will 
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be remembered the tillering was proportional to the nitrogen 
of the seed (and to a smaller extent to 1,000 corn weight) — 
1-67 stems per plant for seed of 1-79 per cent, nitrogen falling 
to 1-33 for seed of 1-45 per cent., the lowest of all being 1'9 
for screenings of 1-40 per cent, (with equal spacing between 
the seeds). 

In Ireland four direct experiments were made at two 
centres, in each ease using pure Spratt -Archer 37/6 as seed, 
with the greatest available difference in nitrogen content from 
different districts in three years, but in the last year the seed 
came from the same district (Ballinacurra), obtaining the 
higher nitrogen figure by giving nitrogenous manure to the 
crop. The seed was sown each year in two farms in different 
districts (Athy, Co. ICildare, and Ballinacurra, Co. Cork) in 
half-acre plots. The results are given below : 


Irish field experiments — i years’ average 


Seed used : 

Nitrogen 

Crop 


Per cent. 

Yield 

Per cent. 

1,000 



cwts. p.a. ' 

N. 

corn wt. 

High . 

1-80 

2216 

1*404 

34*35 

Low 

1*31 

22*66 

1*401 

34*39 


Actually in the first two years the yield was rather higher 
for the high nitrogen seed and in the other two years con- 
siderably lower. In the same two years the nitrogen of the 
crop from the high nitrogen seed was higher and in the later 
two years lower, giving exactly the same on the average. 
The 1,000 corn weight in the first and last years was higher 
for the high nitrogen seed and in the middle two years lower, 
again giving no average difference. 

Altogether, then, under the conditions of these experiments 
it seems unlikely that variations of nitrogen in the seed 
would generally make any appreciable difference to the yield, 
nitrogen content, or 1,000 com weight of the subsequent 
crop. 

One curious fact was noticed that in the two farms the 
differences between the Mgh and low nearly always went the 
same way, in fact in 10 out of 12 comparisons (4 years and 
8 figures) the two farms went in the same direction, and only 
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in 2 in the opposite, and, similarly, if one correlated these 
differences of high minus low of one farm with the other, 
measuring the differences as percentages from the maximum 
difference in each of the three features, one got a correlation 
of +-52, which is not, of course, very significant; but 
certainly one would not like to dogmatize and say that under 
certain conditions nitrogen of seed may not be an important 
factor. 

A further comparison can be made for Ireland; the official 
yield over the country of barley has been published for many 
years, and Messrs. Guinness have analysed their purchases 
from the crops for 40 seasons and these would be very similar 
to the seed used next year, and so it is possible to get 40 com- 
parisons between the nitrogen of one year and the yield of 
the next. On the other hand, the barleys grown in the 
country may be divided into four periods, firstly when no 
standard race was grown, next Archer, then Spratt- Archer 
37/6, and finally Spratt-Archer 37, No. 3 — ^if then we compare 
the differences in nitrogen and yield of each season from the 
average of that period, we can make a correction for racial 
differences in these figures, and thus we get a correlation of 
nitrogen of seed and subsequent yield of - -115, or by direct 
successive differences +*108. In 1920 and 1921, however, 
the yields were quite abnormal (low) owing to climatic con- 
ditions, but, even if we exclude the yields of these two years, 
we only get correlations of - *065 and + -140, respectively. 

Consequently, it seems from year to year in the chequer- 
boards at Warminster, in the Irish experiments, and over the 
whole Irish crop, that the effect of the nitrogen of seed had 
little or no effect on the resultant yield. 

Dr. Beaven held strong views on the general question as 
to how far significant results of these chequer-board cage 
experiments could be regarded as applicable to barley- 
growing in the field. He pointed out that all these cage 
experiments were based on a purely artificial method of 
sowing, the seeds were spaced at 6" x 2'' and the holes were 
punched into the ground, giving equal depths at which the 
seed germinated. This is quite different from agricultural 
practice, where twice or three times as many seeds are sown 
at very^ irregular intervals and at variable depths with friable 
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soil all round; and more plants are harvested, generally to 
the extent of 40 or 50 per cent. 

It is possible that in certain years this method of sowing 
accentuates the influence of nitrogen content in seed on the 
tillering, whilst as a rule it does not; and thus we might be 
able to explain the difference between the direct experiments 
to test this question and the absence of appreciable correla- 
tions for the effects over 25 years at Warminster and also for 
40 years in Ireland. 

In the field two factors are involved which exist to a much 
smaller extent in the cage: in places the plants grow much 
too closely together, quite possibly a race in which many 
of these died off early would give a better yield than one in 
which they survived longer — or even to harvest. Again, while 
in the cage the spaces for tillering are relatively constant 
and small, in the field the average spacing is much closer and 
yet there are frequently larger areas without a plant and so 
the variation in tillering possibilities is very much greater. 

Consequently the chequer-board method, though excellent 
for comparing crops that are thinned and any others that are 
planted out, like roots here and also rice in the East, is not 
really suitable for our cereals, and all the results obtained 
must be regarded as provisional until they have been con- 
firmed by an agricultural method such as the half-drill strip 
method (see Chapter XXVII), the N.I.A.B. field experiments, 
or the one-acre plots in Ireland. As to whether the chequer- 
board or the half-drill strip method gives the more calculable, 
or the lower, standard error is immaterial, as what the 
standard errors are between the chequer-board and agri- 
cultural field methods has never been determined with a 
fraction of the accuracy that those of the chequer-board 
themselves have been. Very possibly, if one doubled or 
halved the sowing rate in the chequer-board, the relative 
order of different races of barley would change in yield as 
well as in many of the other factors measured — ^and even if 
they did not it still would have to be shown that more intense 
crowding, or even greater spacing, had no effect either. 

One of the difficulties inherent in agricultural experiments 
lies in the fact that up to a point Hving organisms are self- 
regulating and stable, but beyond that there may be a sudden 
and unpredictable change. This is very well exemplified in 
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the records of the Irish field plots. For the twelve years 
1926^7, Spratt- Archer 37, No. 3, was grown at ten different 
centres extending over the barley districts of Southern Ireland, 
and the 1,000 com weight recorded, the yearly average 
varying from 31-4 to 36-2 with a standard error (11 degrees of 
freedom) of 1-89; from tliis one could predict that the odds 
were hundreds : 1 against a figure as low as 29-3 or as high 
as 89-1 and of thousands : 1 against 40-7, and yet these three 
averages actually occurred in the next three years. 

It has been shown above from Table D that when 
comparing the same races of barley from year to year it is 
quite impossible, with chequer-board experiments, to give a 
representative figure for the S.E. of a comparison in any of 
the nine features measured. Apparently some races react 
in a similar manner to seasonal changes, weather, etc., and so 
have a small S.E. when compared. Others seem to behave 
much more erratically, and so have much higher standard 
errors in most of the features. 

Table E gives the correlations for the chequer-board plots 
for the 25 years for reference. 

Summary of Correlations and other Statistical 

Results 

Correlations were made comparing the figures (1) for the 
different races in the same year and (2) the average of all the 
races in different years. 

All the factors that together constitute yield — ^number of 
plants surviving, number of ears per plant (i.e. tillering), 
1,000 corn weight (dry) and number of corns per ear — ^have 
been shown individually to be positively connected with it, 
but to different extents for these factors, and also as between 
races and seasons. ' 

For races the most important are the number of plants 
surviving and the number of corns per ear and their weight; 
for seasons the number of ears per plant and then the number 
of plants surviving. 

It must be remembered that many of these factors tend 
to be opposed: (a) the more the surviving plants the less the 
tendency to tiller ; (b) the more the tillers the less the weight 
per ear; (c) the more the plants, (d) tillers and (e) the corns per 
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ear the less one would expect the weight of each grain to be. 
Actually, however, only the more the tillers the less the 
weight per ear holds good, while racial and seasonal charac- 
teristics modify the other tendencies, so that actually more 
surviving plants are associated with more tillering and there 
are generally insignificant connections for 1,000 corn weight 
with nmnber of plants and with grains per ear. 

'Migration’ — or the percentage that the ears are of the 
total plant — ^is a very important factor for yield as between 
different races, but not between seasons, and, similarly, 
'migration’ is negatively connected with the nitrogen content 
of the grain for races but insignificantly for seasons. In a 
favourable season, vegetative growth tends to be strong 
compared with seed production and to be associated with high 
total absorption of nitrogen from the soil. 

When comparing the same races with one another in 
different seasons it was found that the migration coefficient, 
the weight of the ear and the tillering were the most constant 
hereditary characteristics, but, as far as these comparisons 
went, the nitrogen content was not nearly so muclx so — ^it 
is difiBicult to understand this, as in agricultural field ex- 
periments the nitrogen content is a very marked hereditary 
character. 

It would appear that one cannot expect a fixed standard 
error for any comparison between two races — ^it varies very 
much according to what races are compared. Apparently, 
as might be expected, in different seasons each of one pair 
of races will react in a similar manner to the variations in 
weather, etc., whilst those of another comparison will be 
affected in markedly different ways from one another. 

One most disturbing fact was found in four seasons, when 
two complete series of chequer-board plots were sown in each 
year the correlations obtained were very different in the two 
series, whilst one would expect them to be nearly identical. 

The extent to which chequer-board plot barley results can 
be applied to normal field conditions is very difficult to assess, 
as tillering and plant survival are so different; consequently, 
however conclusive such plot results may be they should 
always be confirmed as soon as possible by the half-drill strip 
method, which is extremely dose to ordinary agricultural 
practice. 
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possibly it is some such cause that made the nitrogen 
content of the grain not appear to be a hereditary factor in 
the comparisons made by the present writer in these plots, 
and it may also explain how nitrogen content (and 1,000 com 
weight) of seed had such an important effect on the crop in 
Dr. Beaven’s experiments, though not from year to year, 
whilst it did not appear to have any in the large-scale Irish 
experiments, or in that country’s crops. 

When considering these methods of selection by growth 
features from which higher yielding races of barley have been 
chosen, we must remember that their average yields could be 
increased still further and yet with a high quality grain by 
adding soluble nitrogenous manures at or soon after sowing, 
except for the fact that in most seasons the crop would be 
badly laid. Consequently, the most important feature now 
to aim at is strength of straw. 

G. S. Phillpotts. 

St James’s Gate, 

Dublin, 

July 1944. 
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APPENDICES 

APPENDIX A.— VARIETIES OF BARLEY 
H. Sativum. Natural Varieties 


Hordeum hexastichum. 

Spikes normal.^ 

Var. hrachyatherum, Kcke. 

Awns very short. 
jayramidatum, Kcke. 

Spike pyramidal. 
^aralldum, Kcke. 

Spike parallel. 
Schimperianum, Kcke. 

Spike black. 

Spikes abnormal. 

Var. recews, Kcke. 

Glumes long, ovate-lanceo- 
late, with short awns. 
Gbain Naked. 

Spike normal. 

Ysjc.revelatum. Kcke. 


Hordeum vulgare. 

Spikes normal. 

Ysbv. pallidum, Al. 

Normal form. 
coerulescens, Al. 

Grain grey-blue. 
nigrum, Willd. 

Paleae and grain blackish. 
leiorrhyncJium, Kcke. 

Paleae and grain black, 
awns smooth. 

Spikes abnormal. 

Var. Horsfordicunum, Wittm. 

Paleae trifurcate. 
crispum, Kcke. 

Spike branched. 

Gbain Naked. 

Spikes normal. 

Var. coeleste, L. 

Normal form. 
himalayense, Rittig. 

Grain violet. 

WalperHi, Kcke. 

Grain bluish grey. 
violaceum, Kcke. 

Paleae dark. 

Grain violet. 


Hordeum vulgare — continued. 
Spikes abnormal. 

Yair. cornutum, Schrad. 

Median paleae trifurcate, 
lateral short -awned. 
trifurcatum,, Schl. 

Paleae trifurcate. 


Hordeum intermedium. 
Spikes normal. 
Y&T.transiens, Kcke. 
Spike wide. 
Haxtoni, Kcke. 
Spike narrow. 


Hordeum zeocriton, L. 

Spikes normal. 

Var. zeocrithum, L. 

' Spike converging. 

erectum, Schubl. 

Spike parallel. 
melanocrithum, Kcke. 

Spike black. 

Spikes abnormal. 

Var. heterolepis, Kcke. 

Spike parallel. 

“ Lateral glumes broad, 

lanceolate. 

Gbain Naked. 

Spikes normal. 

Var. Mossii, Kcke. 

Spike parallel. 

Grain blue-grey. 


Hordeum distichum. 

Spikes normal. 

Var. nutans, Schubl. 

Normal form. 
medicum, Kcke. 

Gram grey - blue, awns 
smooth. 

Atterbergii, Kcke. 

Lateral spikelets large. 
nigrescens, Kcke. 

Spike blackish. 


1 i.e. the raehis simple (not branched); the outer palea awned; the glumes 
narrow, spike-shaped, shorter than the grain and not awned. See Figs. 12, 13. 
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Hordeum distichum — continued, 
Var* persicuniy Kcke. 

Spike brown. 

Awns smooth. 
nigricans, Al. 

Spike black. 

Spikes abnormal. 

Var. Braunii, Kcke, 

Glumes ovate-lanceolate, 
projecting, and awned. 
Behmii, Kcke. 

Glumes lanceolate, pro- 
jecting, and long-awned. 
Grain Naked. 

Spikes normal. 

Vex, nudum, L. 

Normal form. 

Spikes abnormal. 

Vsx,compo^tum, Kcke. 

Spike branched, 

H. Sativum, 

Hordeiim hexastichum. 

Spikes abnormal. 

Yax, eurylepis, Kcke. 

Glumes long, ovate-lanceo- 
late, with long awns. 
platyUpis, Kcke, 

Spike black. 

Glumes long, ovate-lanceo- 
late, with long awns. 
hexastico trifurcatum, K.H!. 
Awns short. 

Trifurcate appendage. 
hexastico furcatum, K.H. 

Palea trifurcate, 
densifurcaium, K.H. 

Spike black. 

Glumes lanceolate. 

Palea trifurcate. 
complanatum, K.H. 

No awns. 

Palea of median florets 
only trifurcate, 
thyrsoideum, K.H. 

Spikelets very crowded. 
hexastico ramosum, K.H, 
Spike branching. 


Gkain Naked. 

Spike normal. 

Yax,nudipyTamidatum, Kcke. 
Normal form. 
nvdipryematiaum, K.H. 

All spikelets diminutive. 
abiens, K.H. 

Lateral spikelets diminu- 
tive. 


Hordeum decipiens. 

Spikes normal. 

Yax. deficiens, Steudel. 

Normal form. 

Var. Seringei, Kcke. 

Spike brown. 

Steudelii, Kcke. 

Spike black. 

Spikes abnormal. 

Yax,abyssinicum, Ser, 

Glumes narrow, lanceolate, 
with short projecting 
awns. 

macrolepis, A. Br. 

Glumes lanceolate. 

Paleae black. 


Hybrid Varieties 
Hordeum vulgare. 

Spike normal. 

Var. subviolaceum. 

PalesB and grain violet. 
Spikes abnormal. 

Yax,atrum, Kcke, (1). 

Paleae and grain black, 
trifurcate, 
latiglumatum, Kcke. 

Glumes ovate-lanceolate 
and awned. 
atrospicatum, Kcke. 

Glumes lanceolate and 
awned, black paleae. 
dongatum, K,H. 

Paleae trifurcate. 
hamulatum, K.H. 

Awns short. 

Paleae trifurcate. 
laxifurcatum, K.H. 

Paleae trifurcate, black. 
refractum, K.H. 

Paleae trifurcate. 
atroides, K.H. 

Paleae and grain black, 
trifurcate, 
versifurcatum, K.H, 

Median paleae trifurcate, 
lateral awnless or sub- 
trifurcate, 

longihamatum, K.H. 

Paleae trifurcate. 
muiilcUum, K.H. 

Lateral spikelets diminu- 
tive and short-awned. 
Spike black. 

Grains violet. 
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Hordeum vulgare— conMwwed. 

Gbain Kaked. 

Spikes normal. 

Ys.-r,duplonigrum, Kcke (1). 
Paleae black. 

Grain black. 

Spikes abnormal. 

Var. nvdimutilatum, E.H. 

Lateral palea sbort-awned 
and irregular. 
aethiopSy Kcke. (1). 

Paleae black. 

Grain black. 

Paleae trifurcate. 
nudiramosum, K.H. 

Spike branched. 


Hordeum zeocriton, L. 

Spike normal. 

Var. &recto zeocriton, K.H. 
Normal form. 
melanozeocriton, K.H. 

Paleae black. 

Awns and glumes white. 
Spikes abnormal. 

Var. macrolysis, K.H. 

Spike parallel. 

Glumes broad, lanceolate, 
and awned. 
mixtum, K.H. 

Spike black. 

Glumes broad, lanceolate, 
and awned. 

Neilsenii, K.H. 

Spike black. 

Glumes median and lateral 
awned. 

furcato zeocriton, K.H. 

Paleae trifurcate. 
latispicatum, Kcke. (1). 

Spike parallel. 

Paleae trifurcate. 

Gbaest Naked. 

Spikes normal. 

Y&r.gymnocrithum, Kcke. (2), 
Spike converging. 
erecto nitdum, K.H. 

Spike parallel. 

’ neogenes, Kcke. (2). 

densum, Kcke. (1). 

Spike parallel, 

Paleae trifurcate. 


Hordeum distichum. 

Spikes normal. 
Var.n^e?i^, K.H. 

Smooth awns. 
violascens, K.H. 
Grain blue-grey. 
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Hordeum distichum — continued, 
Var. glabrum, K.H. 

Smooth awns. 
canescens, K.H. 

Grain blue-grey. 
hypiantUum, Kcke. 

Spike violet. 
pictum, K.H. 

Paleae of median row 
black, lateral yellow. 
Spikes abnormal. 

Ys,x. par viharmtum, K.H. 

Awns short and trifurcate, 
Kornichei, K.H. 

Glumes lanceolate. 

^ Grain violet. 

. eing&ns, K.H. 

Glumes narrow, lanceo- 
late. Paleae black. 
angustispicatum, Kcke. (1). 

Paleae trifurcate. 
hybridum, K.H, 

Paleae trifurcate, lateral 
paleae large. 

Rimpani, Wittm. (1). 

Paleae trifurcate. Black. 
inerme, Kcke. (1). 

Awnless. 

nigrosubinerme, K.H. 

Awns very short. Black. 
deciLssatum, Kcke. G)* 
Awnless. Black. 

Gbatn Naked. 

. Spike normal. 

YsLT.ramulosum, K.H. 

Spike branched. 
ianthinium, Kcke. 

Paleae blackish. 

Grain violet. 

Spikes abnormal, 
laxum, Kcke. (1). 

Paleae trifurcate. 
utriculatum, K.H, 

Paleae trifurcate, hooded. 


Hordeum decipiens. 

Spikes normal. 

Var. sub~glahrum, K.H. 

Spike black. Awns smooth. 
atratum, K.H. 

Spike loose. Black, 
viol^cem, K.H. 

Paleae brown. 

Spikes abnormal. 

Y&t, furcato macroUpis, K.H. 
Glumes lanceolate. 

Black. 

Paleae trifurcate. 
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Hordeum decipiens — continued. 

Var. triceros, ICcke. (1). 

Paleae trifurcate. 
tridaXf Kcke. (1). 

Paleae trifurcate. Black. 
subinerme, Kcke. (1). 
Awnless. 

subdecussatumy Kcke. (1). 
Awnless, black. 

GRAisr Naked. 

Spikes normal. 

’Va.v.nvdideficienSy Kcke. (1). 
Normal form. 
vivesceTis, K.H. 

Grain violet. 
decorticatum, Kcke. (1). 
Grain black. 


Hordeiim decipiens — continued. 

Spikes abnormal, 

Y&x.monstrosumy K.H. 

Paleae trifurcate. 

Grain black. 
serraturriy K.H. 

Paleae trifurcate. 
leucocarpumy K.H. 

Paleae trifurcate. 
gymnospermum, Kcke. (1). 
Paleae trifurcate and 
black. 

Grain black. 
duploalburriy Kcke. (1). 
Awnless. 

duploatrumy Kcke. (1). 
Awnless. 

Paleae black. 


Notes on Natural Varieties. — Hordeum hexastichum. Var. 
hrachyatkerum is a native of Japan, Schimperianum and revelatum 
of Abyssinia. The distinction between pyramidatum and para- 
lellum is in my experience of doubtful constancy. These latter are 
the common forms of hexasiichum. 

Hordeum vulgar e. Var. pallidum is the common form; coeru- 
lescens is a doubtful variety. Grain with blue-grey colouring 
matter in the aleurone layer is common in all barleys, both two- 
rowed and six-rowed, grown in hot climates, and in my experience 
is of doubtful constancy when the habitat is changed. ' Var. 
nigrum is common in the East. All black varieties seem to be 
natives of hot climates, Horsfordianum is rare. It is the parallel 
form of trifurcatum, but with adhering paleae. Coeleste is the 
common form of naked six-rowed barley, and himalayense is the 
Himalayan variety (with black seed). The naked, awnless, 
trifurcate variety trifurcatum (known as Nepaul barley, sometimes 
as Nepaul wheat) is also cultivated. Var. cornutum is said by 
Kbrnicke to be grown in South Africa, and is intermediate between 
coeleste and trifurcatum. 

Hordeum intermedium. Both these varieties are of doubtful 
constancy. 

Hordeum zeocriton. Vars. melanocrithum and Rossii are 
Abyssinian forms. 

Hordeum distichum, var. nutans^ is the common narrow-eared 
barley. The black forms, also those with smooth awns, are 
common in the East, and in Mediterranean barleys. 

Hordeum decipiens. All natural varieties of this group are 
A.byssiman forms. It would appear, indeed, that there are more 
distinct varieties of barley in Abyssinia than in any other part of 
the world. 

Hybrid Varieties. — ^Var. eurylepis. In Die Saatgerste this is 
described as an Abyssinian variety, but in a later publication 
(IKe hauptsdchlichsten Formen der Saatgerste, Bonn, 1895) Komicke 
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describes both it and platylepis as the progeny of a cross between 
H. hexastichum and var. macrolepis by Dr, Beyerinck, of Delft. 
The same crossing also gave vars, laiiglumatum and airospicaium, 
I obtained specimens of hybrids listed above from Mr. Karl 
Hansen, of Lyngby. Those named by Kornicke (Kcke.) are 
described in his publication of 1895 above referred to. Those 
with the affix K.H. are, I believe, results of crosses by Mr. Hansen, 
but I have no information of their parentage. A large number of 
these hybrids were originated by Rimpau by crossing the very 
widely different varieties H. vulgare, var. trifurcatum (Nepaul 
naked barley), with Steudelii^ the black Abyssinian two-rowed 
barley (with rudimentary lateral spikelets), which I have classed 
under H. decipiens, and are those marked ( 1 ) in the above list. 
Hybrids marked (2) were- also obtained by Rimpau by crossing 
vars. trifurcatum and zeocrithum, 

I have satisfied myself of the constancy of the above forms as 
far as possible by cultivating them and comparing them with the 
descriptions of Kornicke and with the original spikes received 
from Mr. Hansen. On the subject of cross-fertilization compare 
Rimpau, Landw. Jahrh,, 20 , 1891, p. 239, with Bateson’s account 
of Mendel’s work (in 1865), Journ. 26 , 1901. 



APPENDIX B.— BARLEY COLLECTION! 


Amokgst barleys still in cultivation in the nursery at Warminster 
are the following : 

(1) Russian Barleys 

These barleys have been continuously grown from 70 ears 
received from the British Embassy at St. Petersburg in 1903. 
These ears were stated to represent the varieties grown in various 
pro\’inces of Russia at that time. 

They are mainly either narrow-eared two-rowed barley of the 
same types as are grown all over Europe (viz., H. distichum) or 
six-rowed barley of H. vulgare type. Wide-eared two-rowed 
(H. zeocritum) and wide-eared six-rowed barley (H. hexastichum) 
rarely occur in Russia. 

The following list shows the provinces of Russia where the 
original ears of barley were grown in 1900 : ^ 


i; =H. vulgare. d =H. distichum 


R.12. 

Saratof. 

V 


R.149. 

Tifiia. 

d 


R.13. 

Do. 

d 


R.150. 

Erivan. 

d 


R.16. 

Mohilev. 

d 


R.163. 

Kars. 

d 


R.16. 

Kherson. 

d 


R.172. 

Tidis. 

d 


R.17. 

Don. 

d 


R.179. 

Erivan. 

d 


R.18. 

Orlov. 

d 

Late ripening. 

R.188. 

Kars. 

d 


R.21. 

Dia. 

d 


R.189. 

Tifiis. 

d 


R.22, 


d 


R.190a. 

Erivan. 

d 


B.49. 

Kovno. 

d 


R.1906. 

Erivan. 

d 


R,51. 

Erivan. 

d 


Splitting. Query, 

natural hybrid. 

R,62. 

Volhynia. 

d 


R.194. 


d 

Early ripening. 

R.64. 

Don. 

d 


R.233. 

Kuban. 

d 

Late ripening. 

R.55, 

Don. 

d 


R.234. 

Do. 

d 

Very late 

R.62. 

Archangel. 

V 





ripening. 

R.67, 

Kostroma. 

V 


R.246. 

Kars. 

d 


R.70. 

Kief. 

d 

Late ripening. 

B.246(l). Do. 

d 


R.73. 

Ural. 

d 

Do. 

B.250. 

Erivan. 

d 


R.74a. 

Don. 

d 


R.254. 

Stavropol. 

d 


R.74C. 

Don. hexastichum. 

R.256a. 

Kars. 

V 



Prostrate 'winter habit. 

B.2566. 

Do. 

d 

Semi-wide ear. 

R.76. 


V 





naked grain. 

R.89a. 

Don. 

V 


R.261. 

Daghestan. 

d 

Do. do. 

B.896. 

Don. 

V 


R.266. 

Kars. 

d 

Semi- wide. 

R.96. 

Kharkov. 

d 

Late ripening. 

R.267. 

Erivan. 

d 


B.99. 

Bessarabia. 

V 

Semi-prostrate 

R.269. 

Do. 

d 

Late ripening. 




habit. 

R.271. 


d 


B.IOO. 

Do. 

d 

Do. do. 

B.276. 


d 

Veiy vigorous. 

R.lOOc. 

Do. 

V 

Do. do. 

R.277. 

Akmolinsk. 

d 


R.1270, 

Kostroma. 

d 

Do. do. 

B.279. 

Detzk. 

d 


B.1276. 

Do. 

V 

Do. do. 

R<.279g^. 

Do. 

V 


B.lSOa. 

Poltava. 

V 

Do. do. 

R.287. 

Kherson. 

d 


R.1306. 

Do. 

d 

Do. do. 

B.288. 

Do. 

d 


B.133, 

Do. 

d 


B.293. 

Petersburg. 

d 


R.144. 

Kusk. 

d 

Do. do. 






^ In Ihe case of cars to which I can attach a country of origin the seed, 
caxne to me in all cases in commercial bulk from the countries named, but I 
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(2) Hansen Collection 

In 1900 about 300 ears of barley (all botanicaUy named) were 
received from Mr. Karl Hansen of Lyngby, Denmark. 

The present collection of 180 varieties includes : 

(а) Nearly all the natural varieties grown in any part of the 

world. 

(б) A number of hybrids originated for the most part either 

by Herr Rimpau of Schlanstedt (Saxony), one of the 

early grain hybridizers, or by Mr. Hansen himself. 

Hansen’s original names and numbers are retained. 

N. signifies natural variety. Most of these varieties are in 
cultivation, frequently mixed together, in some part of the world. 

H. signifies a hybrid race. Nearly all these have originated 
from artificial cross-fertilizfition. Their botanical names were 
given to them by their originators and the number has rapidly 
increased since they were classified by the writer in 1902. There 
appears to be no object in continuing the practice of giving 
botanical names to such artificial hybrids as are unlikely to survive 
except in nursery collections. The subject of the botanical 
classification of barley is, moreover, at present in a hopeless state 
of confusion. All the sub-species of barley cross-fertilize readily. 
Many hybrids are intermediate between different sub-species, and 
cannot be assigned to either — and few, if any, are constant in all 
their characters. Even a satisfactory system of nomenclature for 
races of barley has yet to be evolved. 

am sure that in many cases the seed came originally from other countries. 
I think that only in a few cases (e.g. perhaps Abyssinia) can we be fairly sure 
that we know the country in which a variety ori^nated. 


[Table 



876 Barley: Fifty Years of Observation and Experiment 


Bansen’s 

K'o. 

Sub-species 

1 

Variety 

1 

Hexastichum 

'platylepis 

10 

Do. 

ScMmperianum 

16 

Do. 

pyramidatum 

19 

Do. 

do. 

29 

Do. 

nudiptramidatum 

33 

, . 


36 

Vulgare 

latiglumatum 

38a 

Hexastichum 

eurylepis 

386 



40 

Do. 

recens 

42 

Vulgare 

leiorrhynchum 

63 

Do. 

nigrum 

67 

Do. 

coerulescens 

746 

Do. 

pallidum 

82-2 

Do. 

do. 

85 

Do, 

duplonigrum 

93 

Do. 

violaceum 

105a 

Splitting — 

possibly a natural 

10562 

114 

Vulgare 

coeleate 

116 

Do. 

elongaium 

119 i 

Do. 

atroides 

121 

Do. 

aethiops 

123 

Do. 

horsfordianum 

123a 

Do. 

Splitting form of 



above 

127 

Do. 

trifurcatum 

132 

Do. 

refractum 

132a 


132al 

1326 

} ■■ 

Splitting forms 

135 

Vulgare 

muiilatum 

143 

Do, 

eub-violaceum . 

149al 

\ 


149a2 

1496 

■■ 

Splitting forms 

149c 

) 




N.= 


Common name 

Natural 

H.= 

Hybrid 

Locality, etc. 


H. 


Black, 6-roW wide 

N. 

Occurs in Syrian 


barley. 

6-row wide 

N. 

\Syria and on the 
/ Pacific Coast. 

6-row wide 

N. 


H. 



H. 



H. 



H. 



H. 



N. 

Occurs occasion- 



ally in 6-row 
wide-eared 



barley. 

Black, smooth 

N. 

Do. in 6-row 

awns 


narrow. 

Black, 6-row 

N. 

Mesopotamia, 

narrow 


Syria, Persia. 

Blue grain, 6-row 

N. 

Spain and CaU- 

narrow 


fomia, widely 
distributed. 

Common narrow 
6-row ‘Bere’ 

■ N. 

rin all barley- 
< growing coun- 
1 tries. 


N. 


Naked black, 

H. 


6-row 

N. 

Sweden, Prance, 



Germany (rare). 

Hybrid. 



Common naked. 

N. 

Japan — also in 

6-row 


Europe, but 
small areas only 



cultivated. 


H. 


• * 

H. ! 



H. 


Hooded, 6-row 

N. 


•• 


Probably 123 is a 
natural Hybrid. , 

Nepaul Wheat 

N. 

Nepaul, Tibet, 
Himalayas, 
Rhodesia, U.S.A. 


H. 



fH. 






\h. 



H. 



H. 



(H. 



1 H. 


* • 




Ih. 
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Hansen’s 

No. 

Sub-species 

Variety 

Common name 

N.= 

Natural 

H.=: 

Hybrid 

Locality, etc. 

150 

Zeocrithum 


Pan Barley 

N. 

Europe, but now 

150ca 

Hexastichum 

. 


N 

rare. 

150c6 

Do. 



N 


166 

Vulgare 

pallidum 


N. 


160 

Intermedium 

transiens 


H 


161 

Do. 

Haxtoni 


H. 


166 

Do. 

do. 


H. 


16661 




H 


16662 

, . 



H. 


166c 

. , 



H. 


170a 




H. 


1706 




H. 


175 

Distichum 

Rimpaui 


H. 


177 

Zeocrithum 

latispicatum 


H. 


181 

Distichum 

augustispicatum 


H. 


1816 

. . 


H. 


185 

. . 

utriculatum 


H. 


188 

. . 

laxum 


H. 


189 

Detipiens 

tridax 


H. 


192 

Do. 

triceros 


H. 


193 

Do. 

monstrosum 


H. 


196 

Do. 

gymnospermum 


H. 


200 

Do. 

triceros 


H. 


211 

Distichum 

1 inerme 


H. 

True awnless. 

221 

Do. 

Rehmii 


N. 

230 

Zeocrithum 

Neilsenii 


H. 


230a 

Do. 



H. 


233 

Distichum 

Korniclcei 


H. 


234 

Do. 

eingens 


H. 


235 

Do. 

Braunii 


N. 


236 

Do. 

• . 


H. 


240 

Decipiens 

macrolepis 


N. 

Abyssinia. 

2406 

, . 



N. 


246-2 


abyssinicum 


N. 

Do, 

250 




H. 

Do. 

251 


, , 


H. 


262a 


ianthinium 


H. 


2626 

262c 




H. 


266 

Distichum 

nudum 

Naked, 2-row 

N. 

Most parts of 

268 




H. 

Europe, small 
areas. 

Common in 

275 

Distichum 

persicum 

Bloch 

N. 

Eastern Asia. 

278 

Zeocrithum 

melanozeocriton 

. . 

H. 


280 

, , 



H. 


288 


, . 

. . 

H. 


290 

Distichum 

nigrescens 

Black 

N. 

Common in 

291a 



H. 

Eastern Asia. 

291a6 

•• 


•• 

H. 
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N.= 


Hansen’s 

No. 

Sub-species 

Variety 

Common name 

Natural 

H.= 

Hybrid 

Locality, etc 

296 

DUtichum 

nigricans 

Black, 2-row . 

N. 

C 0 m m p n 





Eastern Ast 

300 






309 

Bo. 

violascens 


H. 


313 

Bo. 

canescens 


H. 


3136 






319 

Decijpiens 

Steudelii 


N. 

Abyssinia. 

321 

Bo. 

do. 


N. 

Bo. 

322 

Bo. 

Seringei 


N. 

Bo. 

327 

Bo. 

atratum 


H. 


334 


•• 


N. . 

Splitting Natu 
Hybrid. 

339 

Distichum 

, , 


N. 

343 

Bo. 

erectum 

Plumage 

N. 

Sweden, Engla: 

353 

Bo. 

nutans 


N. 

358 

Bo. 

. . 


N. 


362-1 

Bo. ' 

. . 


N. 


362-2 

Bo. 

, , 


N. 


366 

Bo. 

erectum 


H. 


373 

Bo. 

rigens 


H. 


376 

Bo. 

Atierbergii 


N. 

Rare. 

378 

Bo. 

nutans 

Archer type 

. . 

Europe, Ameri 






Australia. 

383 

Bo. 

glabrum 

Smooth awns 

H. 


390 





rWorld-wi( 

395 

\Distichum 

nutans 

Chevalier 

N. 

< many diffen 

397 

} 




races. 

410 

411 

\Decip%ms 

deficiens 


N. 

Abyssinia. 

417 

Distichum 



H. 


418 


* , 


H. 


421 

Distichum 

nudi ramulosum 


H. 


4216 

. , 

, , 


H. 


448 

. . 

. . 


H. 


451 

. . 



H. 


456 

Zeocrithum 



N. 


459 

Distichum 

latispicatum 


H. 


462a 

, , 


H; 


4626 

Distichum 

parvihamatum 


H. 


463a 

Bo. 

do. 


H. 


4636 

• . 



H. 


464 

Zeocrithum 

furcozeochrithum 


H. 


470 

Distichum 

augustispicatum 


H. 


474 

Vulgare 

ver^furcatum 


H. 


484 

. . 



H. 


489 

489a 

1 Splitting 

. . 


H. 


490a 


.. 


H. 


4906 

, , ■ 



H. 


499 

500 

Distichum 

augustispicatum 


H. 

H. 

Splitting 1924, 

505 

. . 

setoaum 


H. 


613 

* • 

• • 


H. 
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Hansen’s 

No. 

Sub-species 

Variety 

Common name 

N.= 

Natural 

H.= 

Hybrid 

Locality, etc. 

621 

Zeocrithum 

erecto zeocrithum 


H. 


528 

Do. 

nutans 


H. 


532 


erecto nudum 




634 


Do. 


H. 


638 


. . 


H. 


639 

. . 



H. 


540 




H. 


652 




H. 


554 

. . 

, . 


H. 


559 

Decipiens 

tridax 


H. 


559a 

. . 



H. 


560 

, . 



H. 


563 

Vulgare 

hamulatum 


H. 


666 

. . 

. . 


H. 


668 

. . 

. . 


H. 


570 


* * 


H. 


576 

Distichum 

nigrosuhinerme 


H. 


578 

Hexastichum 

hexaatico ramosum 


H. 


690rt 

. . 

. . 


H. 


6906 




H. 


691 . 



• • 

■ H. 



No. 343 of this collection (a natural variety) is the parent culture 
of the race now known as ‘Plumage’. 

Plumage is one of the parents of all the various hybrid ‘Plumage- 
Archers ’ which have been raised at Warminster. 

Hansen’s No. 584 (not included in this list) is H. hexastickum 
var, tJiyrsoideum. It is a sport, or ‘mutation’, which occurred 
amongst some hybrids raised by Hansen some time before 1900. 
It remained true to type in the nursery up to 1925, when it com- 
menced splitting out into various types, possibly in consequence 
of cross-fertilization by wind-borne pollen from another variety. 

Numerous hybrids have been raised at Warminster from 
Hansen’s barleys, but only the ‘ Plumage- Archers ’ have so far 
proved to be of agricultural value. 


(3) Kornicke Collection 

These barleys have been grown continuously since 1902 from a 
collection of ears sent by Professor Friedrich Kdrmcke, of the 
University of Bonn. Ttey represent various varieties described 
in his standard botanical work, Handhuch des Getreidebaues 
{Handbook of the Cereals), Berlin, 1885. 


[Table 
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No. 

Sub-species 

Variety 

N.= 

Natural 

H.= 

Hybrid 

Locality in which 
cultivated 

K, 1 

H. hexastichum 

hrachyatherum 

N. 

Japan. 

2 

Do. 

japonicum 

N. 

Japan. 

3 

H. mlgare 

violaceum 

N. 


4 

Do. 

coeleste 

N. 

France, Belgium. 

6 

Do. 

dulpo nigrum 

H. 


7 

Do. 

nigrum 

N. 

E. Asia. 

8 

Do. 

WaUpersii 

N. 

Spain. 

9 

Do. 

himedayense \ 

N. 

N. India. 

10 

Do. 

nigrum 

N. 

Persia — Irak. 

11 

H. intermedium 

iransiens 

N. 


14 

H. distichum 

nutans 

N. 

World wide. 

15 

Do. 

Rehmii 

N. 


16 

H. vulgar e 

persicum 

N. 

Persia. 

18 

H. distichum 

nigricans 

N. 

Abyssinia. 

19 

Do. 

ianthinum 

H. 


21 

Do. 

erectum 

N. 

Europe. 

22 

H. intermedium 

Haxtoni 

N. 


25 

H.' decipiens 

deficiens 

N. 

Abyssinia. 

26 

H. distichum 

nudum 

N. 

France, etc. 

27 

H. zeocrithum 

. . 

N. 

Europe (now rare). 

29 

H. distichum 

Braunii 

N. 



(4) Danish Collection 

Each culture is the progeny of one of 50 ears (each of a different- 
named race) received in 1900 from Mr. Chr. Sonne, Director of 
the Barley Experiments of the Royal Agricultural Society of 
Denmark, and represent 36 of the races tested for yield at four 
different stations in Denmark continuously between 1880 and 
1900, with four replications, each year, at each station. 


D.l. 

D.2. 

D.3. 

D.6. 

D.6. 

D.7. 

D.8. 

D.9. 

D.IO. 

B.U. 

D.12. 

D.13. 

D.146. 

B.ie. 

I).17. 

B.IS. 

D.19. 

I).20. 

B.21. 

D.22. 


Prentieebyg (Banish. Archer) Skanska selection, 
l^o- do. Copenhagen selection. 

Bo. do. Swedish (Svalof) selection, 

Bo. do. Danish (Lyngby) selection. 

Chevalier. Swedish (Svalof) selection. 

Prentieebyg (Banish Archer) Banish selection. 

Chevalier, Banish selection. 

Jarman’s Chevalier. 

Hallett’s Chevalier. 

Webb’s Kjnver Chevalier. 

Steensgaard (Banish) Chevalier. 

Lyngelbakgaard — ^Banish wide ear. 

Alsace Chevalier. 

Wrinch’s ChevaKer. 

Webb’s Golden Grain Chevalier. 

Webb’s New Universal Chevalier. 

Hemes’ (German) Chevalier. 

Heines* (German) ‘Goldfoil’. 

Golden Drop (Old English Chevalier). 

Webb’s Golden Melon (Chevalier). 
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D.23. Holstein Chevalier. 

D.24:. Montana (American) Chevalier. 

D.25. Glorup. German Archer type. 

D.26. Duvelbyg. Danish Archer. 

D.28. Webb’s Burton Malting. Goldthorpe type. 

D.29. Bestehorne’s Kaiserbyg. German Goldthorpe. 

D.296. Do. do. 

D.30a. Webb’s Beardless. 

D.30c2. Do. 

D.31. Garton’s Goldthorpe. 

D.32. Do. Standwell. 

D.336. Fredricksons Krysenbyg. 

D.34. Swedish (Svalof) Svanhalsbyg. (Swan neck.) Goldthorpe type hybrid. 
D.35. Danish 6-row. 

D.376. Do. 

D.49. Do. 


(5) Imported Commercial Varieties 

These consist of cultures all of which have originated from 
single selected plants grown from grain taken from foreign com- 
mercial samples collected between 1896 and* 1935. They include 
specimens of practically all the forms in cultivation in those 
countries from which barley is imported into this country. 

These cultures, like those of the Russian varieties, illustrate the 
fact that the quality of the grain as exported to this country is 
far more dependent on climate than on race. For instance, the 
appearance of the grain of F.9 and of F.34 when grown as here 
under similar conditions is indistinguishable, and in both cases 
quite unlike the grain as grown in their native habitats. 

A few of these commercial varieties have now been discarded. 


F.7. Smyrna, 1901. 

F.9. Do. 1901. 

F.n. Do. 

F.12fi6. Smyrna, 1899, 6-row, smooth 

awns. 

F.14. Danubian, 1901, 

F.16. Spanish. 

F.19. Californian. 

F.20. Syrian, Beyrout. 

F.206. Do. 

F.24. Yerli — Smyrna. 

F.32al. Mid- West American. 

F.32a2. Do. 

F.326a;. Do. 

F.34. Plate. 

F.35. Mexican. 

P.37. North Airican— Tripoli. 

F.38a. Danubian, 

F.386. Do. 

F.39a. Yerli — Smyrna. 

F.41. Marmora. 

F.42. Ouchak. 

F.43. Gaza. 

F.46. Cyprus. 

F,48. Russian — Ghenigesk. 

F.49. Do. Ozov. 


F.50. Bessarabian. 

F.77. Himalayan Hooded (Trifur- 

cat um). 

F.80. Black, H., Vulgare. 

F.836. Do. Distiohum. 

F.84c. Zeocrithum. 

F.916. Persian Gulf. 

F.91cl. Do. 

F.91c2. Do. 

F.93al. Do. 

F.97. Beaven’s Hexastiohum. 

(Selected 1896). 

F.98a. Chilian. 

FJLOO. Servian. 

F.102. Indian — Karachi. 

F.103. Do, Calcutta. 

F.llO. Oregon, White. 

F.lli. Indian. 

F.112. Oregon, Dayton Blue Brewing. 

F.113. Persian Gulf— Karoon. 

F.116. Egyptian. 

F.119. Mesopotamia, B.3. 

F,120. Do. R.4. 

F.121. Do. B.6. 

F.123. Do. R.7. 

F.124. Do. B.12. 
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F.127. Plate. 

FJ28. Mosul, Black. 

F.129. American, Goldleaf. 


F.130. 

Persian- 

-Karoon, P.9. 

F.133. 

Polish, P.3. 

F.138. 

Chilean. 


F.139. 

Japanese. 

F.140. 

F.141. 

Do. 

Khyber 

Pass ( X McMullen, 


1925) 

F.150. 

Karachi — Cawnpore District. 

F.152. 

Do. 

Gidderbaka District. 

F.154. 

Indian 

Agra District. 

F.157. 

Do. 

P.4, Abohar Dis- 



trict. 

F.163. 

Do. 

P.2, Budhlada Dis- 



trict. 

F.169. 

Do. 

Short Root Latoli. 

F.170a. 

Do. 

Long Root Latoli. 

F.1705. 

Do. 

Long Root Latoli. 

F.171. 

Do. 

Short Boot Surmani. 

F.173. 

Do. 

No. 1 Lyallpur, B.S., 

F.176. 

Do. 

No. 5 Lyallpur, E. 

F.177. 

Do. 

No. 6 Gujrat. 

F.180a. 

Persian. 

F.1806. 

Do. 


F.182a. 

Do. 

Black. 

P.18262. 

Do. 

Black smooth awns. 

F.183it. 

Do. 

Brown smooth awns. 

F.184a. 

Plate X ‘Isiropinas 2-row. 

r.l84c. 

Do. 

do. 

F.184d. 

Do. 

do. 

F.1860. 

Black Sea. 

F.1866. 

Do. 


F.r87a. 

Danube. 


F.1876. 

Do. 


F.187d. 

Do. 


F.188. 

Ouchak, 

smooth awns. 

F.189. 

Do. 


F.190. 

Tunisan, 



F.191, Benghazi. 

F.192. Mogador — ^Morocco. 

F.193. North African. 

F.194. Australian Chevalier — 1925. 

F. 195. Chilean — Brown x Izgled. 

F.196. Do. Chevalier. 

F.197. White Oregon. 

F.199. Naked x Wembley. 

F.200, Californian, Mariout x Bniv. of 
California, 1924. 

P.201. Oregon, Mariout x XJniv. of 
California, 1924. 

F.202. Club, Mariout x Horst, 1926. 

F.203. Sacramento Barley x Horst, 

1926. 

F.204. Atlas x Horst, 1926. 

F.206. Hero, 1924 x Horst, 1926. 

F.206. Do. Riverside, 1925 x Horst, 
1926. 

F.207. Hero, O.I., 1286 x Horst, 1926. 

(Club Mariout X Lion), 
smooth awns. 


F.208. Indian, No. 9, 6-row, Mianivali, 
Naked. 

F.209. Indian, No. 11, 6-row, Gujar- 
khara, Naked. 

F.210. Indian, No. 12, 6-row, Jhang, 
Black Naked. 

F.211. Indian, No. 13, 6-row, Kuln, 
Naked. 

F.212. Indian, No. 14, 2-row, Pani- 
pat. Naked. 

F.213. Indian, No. 15, 2-row, Black 

F.214. Black Mariout x Thorpe, 1926. 
F.216. Hilla Barley. 

F.217. Kenya Colony. 

F.219. Gaza x Shawa, ‘ A ’. 

F.220a. Do. 'D*. 

F.221. Gaza, 1928. 

F.223. Indian, U.P., 1928. 

F.224a. Egyptian Mariout, 2-row. • 
F.2246. Do. do. 6-row. 

F.225. Do. do. 1928. 

P.230. Indian, Benwar District. 

P.232. Do. Punjab. 

F.236. Do. Hathras District. 

F.241. Iceland Barley. 

F.242. Czechoslovakia, Zaza. 

F.243. Hanna x Little Asia. 

F.245o. White Hanna x Syria. 

F.246. Syrian Hama. 

F.247a. Do. 


F.2476. 

Do. 

F.249. 

Marmora — ^Halim. 

F.250a. 

Do. Kezan. 

F.2506. 

Do. Do. 

F.251a. 

Do. Ismal. 

F.2516. 

Do. Do. 

F.252. 

Do. Rateb. 

F.253. 

Do. Sodor. 

F.254. 

Turkish. 

F.256. 

Tunisan. 

F.267. 

Morocco. 

F.259tr. 

New Russian. 

F.2696. 

Do. 

F.259C. 

Do. 

F.260. 

New Zealand. 

F.261. 

Australian Cape. 

F.262fl5. 

Palestine. 

F.2626. 

Do. 

F.264. 

East African, Chevalier. 

F.266a. 

Canadian Western, No. 3. 

F.2666. 

Do. do. No. 3. 

F.267a. 

Do. do. No. 4. 

F.2675. 

Do. do. No. 4. 

F.270a;. 

Plate. 

F.273a. 

F.2736. 

F.273C. 

F.273<i. 

Egyptian Beheri (Commercial 
Types). 

F.274a5. 

Eg3rptian Mariout (Commercial 
Types). 
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F.2746. 

F.274C. 

F,274^Z, 

F.274e. 

F.274/. 

F.275. Black Skinless x Kenva. 
1930. 

F.276. Monul x Mr, B., 1931 (Late). 
F.277. Iraq, 1931. 

F.278. Australian Cape, 1931. 

F.279a. ‘Neils Franchen’, Barley x 
Chili, 1931, Archer Type. 


F.2796. ‘Neils Franchen’, Barley x 
Chili, 1931, Chevalier Type. 
F.280. Karachi, 1932, 

F.289. Do. 1936. 

F.281. Chilean, No. 276. 

F.282. Do. No. 257. 

F.283. Do. No. 457. 

F.284. Do. No. 287. 

F.285. Do. No. 353/124. 

F.286. Do. Sample ‘A’. 

F.287. Heavy Plate. 

F.288. W, Australian Cape, 1935. 


All parcels of Far Eastern barleys, as imported, are of many 
mixed races* 


(6) Established Varieties and Races 

These are two-rowed barleys (with the exception of one six- 
rowed from the Shetland Isles received in 1987) and they include 
Chevalier, Archer and Goldthorpe types, and hybrid races of more 
recent introduction to which common names have been given. 
Most of them are in cultivation in some parts of England, Scotland 
or Ireland. Some of these are certainly, and others are probably, 
‘s 5 monyms’, i.e. derived from the original same stock. 


E.V.l. Early Welch. 

E.V.2, Guld (Svalof). 

E.V.3. Scotch Annat. 

E.V.4. Do. Common, 

E.V.5. Hanna. 

E.V.6, Pryor’s Australian Chevalier. 
E.V.7. Webb’s Kinver Chevalier. 
E.V.8. Webb’s New Universal Cheva- 
lier. 

E.V.9. Webb’s Golden Grain Cheva- 
lier. 

E.V.IO. Webb’s Sunrise. 

E.V.ll. Do. B. 

E.V.12. Halletts’ Chevalier. 

E.V.13. Golden Drop (D.21) (Old Eng- 
lish ChevaUer). 

E.V.14. Chevalier. 

E.V.15. Old Irish. 

E.V.16. Nottingham Long Ear. 

E.V.17. Old Wiltshire Archer. 

E.V.18. Cannell Archer. 

E.V.19. Beaven’s English Archer. 
E.V.20. Danish Archer (D.l) (Skanska 
selection). 

E.V.2 1. Danish Archer (D.2) (Copen- 
hagen selection). 

E.V,22. Danish Archer (D.3) (Swedish 
Svalof). 

E.V.23. Princess. 


E.V.24. Brage. 

E.V,25. Brewer’s. 

E.V.26. Millennium. 

E.V.27. Victory. 

E,V.28. Parker’s Fortyfold. 

E.V.29. Garton’s 419. 

E.V.^. Do. Abed Kenia. 

E.V.^. Do. Regenerated Archer. 
E.V.32. Do. Admiral Beatty. 
E.V.33. Do. Triumphant. 

E.V.34. Do. 1917. 

E.V.35. Do. New Invincible. 
E.V.36. Golden Pheasant. 

E.V.37. Webb’s Binder. 

E.V.38. Do. Burton Malting. 
E.V.39. Primus (Svalof). 

E.V.40. Spratt (Warminster selection). 
E.V.41. Goldthorpe. 

E.V.42. Garton’s Goldthorpe. 

E.V.43. Plumage. 

E.V.44. Garton’s Plumage, No. 63. 
E.V.45. Archer/Goldthorpe. 

E.V.46. Stand well (Warminster selec- 
tion). 

E.V.47. Garton’s Standwell. 

E.V.48. Do. Maltster. 

E.V.49. Probably ‘Bere’ (received from 
Shetland Isles, 1937). 
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